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PREFACE 


This book has been written mainly for the use of students 
who have to read Botany for the Intermediate and 
Preli minary Scientific Examination s of Tnr1i«.r> 
also to serve as a help-book to pursue high ^lf pfinfliag in. 
Bo tany for the Li. ftfi- Pixam infl-tioTi— Attempt has been made 
to put the subject-matter of the book in as simple a 
form as possible, without avoiding at the same time the 
technical terms which have been adequately explained. 
The illustrations have been carefully selected from well- 
known tyi^es of Indian vegetation whose vernacular 
names are familiar fo the average student in this country. 
Most of the original drawings have been made, under my 
personal supervision from materials collected by me in the 
course of teaching, by Mr. Sudhir Kumar Ray, an artist of 
much reputation at Berhampore and great credit is due 
to him for the pains he has taken in preparing the sketches 
with the utmost scientific precision. 

The scientific names of plants together with vernaculai 
and English names, where necessary, have been given in the 
Appendix rather than in the body of the work to prevent 
confusion and horror in the minds of young learners ; and 
the use of vernacular names is always permitted in the 
University Examinations. 

In dealing with the Life-histo ry an4 Classification of 
plants, much more typej and families than are prescribed for 
undergraduate instruction, have been introduced, as far as 
practicable, to illustrate the sequence of evolution from the 
simplest to the most complex types of plants. But all types 
and families which are of little importance to the beginners 
have been printed in small letters. In dealing with Morpho 
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logy, Hi stolog y and Physiology a summary or table has 
been added at the end of each chapter to facilitate revision 
of work. Questions touching important points in every 
chapter have been given for purposes of regular exercise. 

T do not certainly claim originality in everything 
that 1 have written in this book. Much help has been 
obtained from various sources. Some of the cliief works 
consulted are of the following well-known authors :-^Stras- 
burger, Coulter and Cowles, Haberlandt, De Bary, Goebel, 
Campbell, Scott, Darwin, Vines, Lowson, Prain, Roxbourgh, 
Hooker, Brandis, Rendell, Small, Reynold Green, Bose, 
Bower, Oliver and Mary Stopes. * 

It is my pleasant duty to -express my sincerest thanks 
to my esteemed friend. P rof. Anutosh Das Gmita M. A. who 
has generously devoted considerable time in going through 
the manuscript and materially helped me with valuable 
su'i^estions during the progress of the work. My thanks 
are also due to Prof. Ramendra Krishna Sarkar M. A., 
Prof. Biren^ra Nath Sarkar M A., Mr. Bhujanga Bhusan 
Sanyal H. A. and Mr. Nirmal Chandra Goswmi M. A. who 
have assisted me in the publication of this work. 

Inspite of all its imperfections that may be noticed by 
critics and others, it is hoped the book, as it stands now, 
will adequately meet the requirements of the undergraduate 
study of Botany in our c 9 lleges. 

Any suggestions towards the improvement of this book 
from teachers and the wider circle of readers, to whom this 
book now goes, will be greatly appreciated. 

t 


Krishna!!^ College,/ 
Berhifmpoi'e, Bengal. 

The 1st. JuIVk 19^3. 


M. Roy Chowdhury. 
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PART I 

MORPHOLOGY 

CHAPTER I 

PLANT GROUPS 


Botany is tin* science whicli deuls jdants. 

Zoology, iinother science, (ietilinj^ with tininials is allied to 
Botany. Botli tliese sciences are included under Biology 
whicli deals with living organisms, jilants and animals. 

Botany has sevei'iil branches of which the following are 
worthy of mention :— 

treats of tly*,forms and structures of 

])lant members. When'it is concerned witli the external 

forms, it is called External Morphology commonly called 

Moin)liol(;g\ . Internal Mpiphology. or Histology treatsl 
• * * " ^ 
of internal structures of ]ilarit bodies. For the closer study 5' 

of the internal parts of plants the help of Uie micros6ope, af 

magnifying instrument, is always necessary. 
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(2) Physiology treats of all functions of the different 
parts of plants, external or internal. Tt deals with the 
various jirocesses of their growth, development and multipli¬ 
cation. In other words, this branch is concerned Avith the 
vital activities of plants or parts of plants. 

(3) Ecology deals with the influence of surroundings on 
plant life. It also considers the i)e(Suliarities or modifica¬ 
tions observed in the stnictiires of jdants when ihey are 
affected by the environment in which they are to live. 

(4) Classification deals with the grtmping of plants, 

according to* resemblances and differences noticed in the 
structures of plants. When the i>lants* are thus classified 
or thrown into different groups, their mutual relationships 
can l)e established. • 

life in Plants 

All plants are living bodies. Like animals, they try to 
secure their food, assimilate and grow at the cost of the 
substances which they manufacture. The unnecessary 
products oft assimilation are, in most cases, somehow 
pr other removed by them. They also multiply like 
/ animals /. c. they can produce new individuals similar 
to them. The process of breathing also noticed in the. 
plants, consists of inhalation and exhalation which occur 
in the same way as in animals. The absorption of oxygen 
during inhalation wliich ia a process of lilow combustion of 
the living ‘matter is similar to wliat goes on in animals.. 
Above all; Jdants like animals, struggle foj* existence not only 
against ani|i)i^' apd other plants but also against various, 
•disadvantajbs presented to them. Last of all, the power of 
poyent^tlfe' noticed in the lower plants and also in the. 
of higlfer plants. 
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Forms of Plants 


The general idea regarding a plant is that it has at least 
three parts, viz. roots, stem and leaves. These three differen¬ 
tiated portions are jn most cases jjresent in all higher 
2 )lantK hut they are wholly or 2 )artially absent in the low’^er 
lor ms of i)laiits. 



A small drop of date juice as 
seen under the microscope. 


If w'e look at the foreign bodies conniionly known as 
mould or Chhata grown on the surface of damp shoes or on 
stale moistened bregd, we find that they are devoid of these 
parts. Again if a single drop of decomposed date juice or tari 
he examined under the micro- 
scope, it is found to contain 
many globular bodies having 
no root, stem or leaves. The 
long, green thread-like bodies 
often seen floating on the 
vvater of ixmds t)r ditches are all plant-strucAires showing 
no differentiation of their bodies. Tlie common Toadstool 
or hamjer chhata tliough aiiparently so w^ell develojied 

is a body of the above nature. 

n 

All these are plants though they| 
have, no such parts as the common^ 
higher ‘"idaiits- usually iioseess.: 
These plants are called Thallo-v 
phytes as their bodies are 
undifferentiated or thallus-like,^ 
The ordinary ])lants which are 
differentiated into separate parts 
are called Cormpphytes. 



Fig. ‘2. 
Toad-stool. 
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Chief Groups of Plants 

Tlioro aro inmiorous t> (Mjs (it iilants on tlio lace of the 
eartih. In ohIlm* to avoid confusion prohented by their infinite 
varietK's of forms, it will be ol # 4 roat advantafie to us it we 
have at the very outset a ciassification ol tbom in a ^^eneral 
w'a>. Most plants bear tlowers in addition to other parts. 
The flow'ers on them soon produce seeds b> wliich those 
plants inultipjy. They are knowm as Phanerogams {pjiancio'^ 
—evident ; f/uu/o.s--nlalTiaJ^e) whereas Cryptogams (/rr///;/o.s 
—concealed; —maiTiaso) are those which liave no 

dowers on them ttiou^h the> i;ja> have roots, stems and 
leaves. As flowers are absent, cry[ito«ams ha\e no chance 
of seed formation. Seeds, liere, are not their means ot 
multiplication whicli occurs in them in a ditl'eient w'a>. 

Most of the jihaneroftam ( have their flowers ultimateU 
replaced by Iruits in wliicli the seeds lie enclosed. They 
are called Angiosperms {amjeion —a vessel : spt^rma- 
seed). Gymnosperms ({///wn/av--naked : spf'nna -se^jd) are 
those phanerojiams in wliich fruits are not formed : so their 
seeds remain naked e.f 4 . j)ines tirs etc. Most of the common 
])lants siUToiinding us are examples of anj?ioH])erms. They 
may lie Dicotyledons or Dicots and Moncotyledons or 

« t 

. Monocota. When the seeds of anf^iosiierins are examined 
closely and w'hen tlie> are found to contain amon« other 
parts two seeddeaves or cotyledons, the angiosiierms are 
. called i>io4t8, as tfntnl, ani*eUi. If the seeds contain a 
single ,6ot)aedon the angiosperms are called Monocots, as 
mpftri, etc. ^ The presence of one or two cotyledons 
seed |s not the only way of differentiating dicots 
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:in(i inonocots. '[fhey differ in other respects which will be 
de^lt with later on. 

Cryptogams are divided into tliree groups :— 

(1) Thalloph 3 rtes, p.u. common ckhata, which are 
totally undifferentiated. 

(2) Bryoph3rtes, */<.(/. mouses, which are intermediate 
between the other two groups i./7.*they are not so fully diffe¬ 
rentiated as the ])teridophytes nor are they completely 
undifferentiated as the thallopliytes. 

(3) PteSridophj^e^, cjj. ferns, which prMuce distinct 
stems, roots and leaves. 



Fig. 

Feni plant. 


Thallophytes are further classified into Algae and Fungi. 
AlgflB possess mostly the green poiouring fnatter which is 
entirely absent in the fungi. 
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The following table shows the above classes of plants— 

Planbs. 


Phan t^ogams (flowering 
" Or Heofl" Bearing). 


W**, (flower less 
or seedless). 


.1 I 

Angiospe rms (i^eaits (Tymsnosperms 

'vvititim“Truits)'. (see’da naked) 

_ I _ as piiu\ ri/cnd. 

I {~ (1) Pfcoddophytes (witli 

Dicpts Mcmooots differentiated parts) e g. 

(hftVing two (having a single cotylpdou) ferns. 


cotyledons) 
o.p;". ‘am,'Jam, 
kantal 


o.g. dhan, gomMochpo. (2) Bryophytdk (parts partly 
nnrihel difflrentiated). e.g. mosses. 

(B) Thallophytes (parts un¬ 
differentiated). 


Alga*. 

(with green 
colouring matter), 
o.g. shnrda. 


Fungi, 
(without green 
rpatter). 
e.g. chhatn. 

/ 


Classes of plants according to the different 
modes of nutrition 

(1) Ordinary land plants absorb their food materials 
/Troin two sources e. q. soil and air. Roots are the organs by 
which they take in the food from the soil while the leaves 
suck up a kind of gaseous food from the air. The food mate¬ 
rials absorbed from soil at la^t reach the leaves passing through 
stem and mit ysrith those gained by the leaves. These two 
kinds of raw |food materials when mixed up undergo several 
chemical cb|nj^^ Vith the halp of sunlight and the gr^n 
coiourlng pi^esent the leaves. The result of all 

the formation of i>lant food on which t$e 
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(2) Water pFants a^bsorb their food maitenals mainly 
from wa^r. When they are floatings they secure their food 





from air also. Submerged water 
plant s, if attached to the soil, get 
their food from soil in addition 
to water. Some of the floatituf 
plants have no connection with 
the ^oil. Bara pana and khiidi 
pana are good examples of this 
type. Mdm, ^haluk etc, 
though they have floating leaves, 
have their stems and roots 

fixed to the mud. The_water 

])lants adapt their org^s in such 
a way that they can easily 
absorb a large quantity of food 
materials found in water. The 
submerged plants as piUa jtha^n, 
jhanji, common in most of 
the ponds, are usually attached 
to the substratum. 


Fig. 4, 


Lotus plant. 


(3) Epiphytes are plants which grow tm ,^Q|iJeL,iil«Wits 
’ . 

l)ut derive then- food from the only sbuiree—air. They have 
no ordinary roots as thev are not*ih connection with the soil. 
They have branched green roots hanging in the air known 
- as aecial..csoot8. These roots have on them a white layer 
called velamen which h^s the property ...Qi..ab^rbing mois< 
ture from the surrounding atnaosphere holding varicrus 
vtnineral substancesJn: solution. These roo\;B along with tlie 
;green leaves help them in the absorption of food from air. 
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y 

Most orchids are jjjood examples of this type of plants, 
an oi'chid, is commonly found to be fixed by its roots to the 
u])per branches of miiiifjo and other trees. Tt is a ctmmife 



Fig. .5. 
Orchid plant. 


observation that a bot or a peepid tree j^rows on a tal plant 
and maintains no connectionwith the soil for several mdhths 
till it becomes well established in the soil. 

(4) Parasites are plants which also grow on other i)lant8 
blit derive their food materials therefrom wholly or partly* 
Thus they are t otal par^^tes wdien they take the whole of 
their food .from the host plant thereby., becoming 
wliolly depetodept uj>on jt. TJiey are parj^. parasites 
or 8eiiii-p0:*agUes .v^ben they are partly dependent on 
their host., f To^i p arasites as swa rnal>ata are usually 
y-green il for the^jice en coferingJmitiic£..i^^ 

^ Jno tteeTo th j|n . They . have no ordinary roots but 



plant ghoups 


sliort stiff roots called haugjtpria ^ which })GnQtrate deeply 

into the body of the host plant in order to suck up tlie 

. 

noiirisliipCTf »^qniT*e. Haustoria reach those region 

f in tlie host Iwdy where th 

prepared food matters arcfi' 
’in circulation. Partial i)arai- ^ 

1 sites iiave in addition, to haus- 
toria green leaves and ordi- 
nary roots so that they 
can gather their food not 
\ only from the liost but also 

\ from the soil and air like 

^ ordinary land plants. Other 

• common • examples 4|ff para¬ 

sites are (tkankbel, awH- 
<*• chandan, haravianda, ckhoto 

SwaJnalata plant. HKtildfl etc. Beme-hou is a 

brown-coloured small her!) whicli grows as a total parasite 
on,lihe roots of baifmi, htpi etc. 

(5) ^piTQpli^ips are plants which grow and thrive ujwn. 
decaying and rotten organic matters. They are very rare 
among higher plants but are common among the plants of 
tlie lowly type. Banger Chhata and common chhata are 
examples of this tyjie of plants. As they are not to acquire 
their food through the help of green’ ^splourjng matter they 
are devoid of it 

C •«*.» V * v ' 

id) l ^paectivorous or Carnivorous plants absorb 
their food from the captured Snsect b6dies in addition to 
other food materials derived from soif, and air like ordinary 

♦ ’ |i 

plaints. Their leaves are modified in such a way that they 
can easily entrap insects to be used as their food. * Pitdher 


Fig. (}. 

SwaJiialitta plant. 
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plants, stm-dfiv', bladder-wort, are examjjles of these. (For 
tdoscription consult Physiology). - 



Fig. 7. 

Bladdorwort plant. 

.A—The plant. B and C—The bladder-liko tra])s for 
capturing insects from water. 


General n^qrphology of plants. 

j t 

In ;all liigliei* plants there are two distinct regions of tlie 
plant-body e. y. root and*shoot. Boot goes into the soil to 
fix the pla^t there and 8hdt)t grows up in air producing 
ibranches.^d leaves, ffhe axis, on which leaves, hraneijties 
-etc. de^^>it. is* ^,the stem. Tt goes on growing and 
Itime of reproduction comes; flow^ers arise on 
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Fig. 8. - 

A —Tishi plant, B, C—Flowers, 
a—Boot. b—Stem. c—Loaf, d— 
Branch, e—Ftawer. f—Fruit. 


it. Stem .along with 
branches, leaves etc. 
serves the nutritive or 
vegetative functions and 
thus it forms the vegeta¬ 
tive shoot of plants. Stem 
witli flowers, fruits and 
Seeds carries on a different 
function i. e. reproduction 
and so it forms tlie 
repr oductive shoot of ... 
plants. The different 
parts into which the 
])lant-body is divided - are 
(‘.ailed members. hjach 
member - is an organ 
when it serves a parti¬ 
cular function. ^ 

Plants map 1^. herbs, 
shrubs, or trees. Herb¬ 
aceous plants are usually 
soft. When h erbs grow 
only for one year or 
season within which they 
finish the whole course 
of their lives, they are 
annuals as iiuitar, (Jhan. 
When the duration of the 
lives of plants is for two 
years or * seasons they 
are called biennials as 
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///V/ T’lants lor luon* lhan tuo \cars oi seasons 

<iu' < ailed perennials .is la I Ml amiu.rls and 
biennials aie hoihs. Peieniiials iiia\ be lunbs when then 
stems leinaiii undeij^iound as kala, nda etc. Shiiibsaie 
>»eruialh low and mu( h blanched ,it the base so tlial 
tbe\ aie Inishv in apiieaiance as niha Tiees hav(* \ei\ 
wood\ steins, and the distinct tiifnk does not de\eli) 
blanches at the base as, liot, am, etc Tiees lan not be \eiv 
sliaiph distinj^nislied fiom t.ill sliiiilis 


4 

Tabular Summary of the above types of plants : 




TM ints 

Son«(( s 111 iood 

OiRaiis ol *b 
soiption 

l>.iinplis ^ 



- - 

1 Soil 

Rnots 


1 

Lind pl.ints 


Lc.i\< s 

(tolnp {m 




2 4it 



Float! HR 

1 Kir ^ 

Tjcavcs 

]*{){} ma 1 


/ 


2 Watt r 

Stem 


2 

01 

« 

^ Soil (in 
some i as‘s) 

Hoots (in sojiK^) 

t^ana 



1 Subnn iRod] 

1 Watei 

2 Soil 

Stems li i\es 
and roots 

Patashttoln 

i 

Epiphv tes 

4ii 

Vcii.il roots 
.Did l«*.ives 

Hasna 



Total 

Host plant 

Haiihton.i 

Sitnifwlala 

4 

3 

Parti il 

t « 



a 

1 Ho4t plant 

Haustoria, 





2 All 

leaves and 

Mmda 




i Soil 

roots 


a 

• 

Sipioph^tres ^ 
_ 1 

Dwomposed 
organic *• 
mattei 

Whole plant 
oi pait of it 

^anget chhata 

n 

*if lIlOAf >>.tVAPl Mitt 

1 In'^eT't bodies 

JjeaveH 


plants I 

j-1 . 

2 Soil or water 

(modified) 

JHtche'i plant 


S.*Air 

and lOotH 
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Exercise I 

1. (rivij sojuu idea, of the main diviKiuiis into which the plant 
kingdom is divided. Define tht‘ divisions in & geneiiii way 
(C. U. 1910.» 


‘2. VVhnt is a parasite ? Distingnish the parasite from the 
.saprophyte, (rive examples fC. LL J913.) 

8, Describe the moaning of the terms—epiphyte and thallus. 
(C. V. 1919. 19-21.) * 

4. Classify plants according to their different modes f>f nntritinn. 



CHAPTER II 


GERMINATIOir 


Parts of the seed. —As wo are concerned with seeds ff)r 
tlie study of j<ernunation let us be ac(iiuuntedatfirst 
witli the different ])arts of seeds in j^^Ir 

have a covering for the protection of the*^ inner 
portion called kerne l of the seed. Tbc ccn'ei'inj* or seed- 



Fifi. 9. 


Farts o£ fHti'boh sued. A—seed. Se—^ced coat, li—Hilnm 
m -Alicropyle. B--WhcTi the c(jat is removed. 

PI'-Plumule. C6t—Cotyledons. lu—Rdick. 

C -The seed during germination. 

H p —B y poooty 1 . Ep—- Epicotyl. 

Pa—of attchnieiit of 
the axis with the 
ootyledons. 


s 

coat usually ksonaists of two layers closely attached to efiiCh 

_. fTrt i i 1 • 1 1 • . j •. 1 I • /I* 




a and the inner,,Jihia.. 


At one side of tlie seed-coat there is a sca|; 
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called hilum which rejiresents the iv)tiition where the seed 
was attaclied to the stalk. Near the scar a ininute 
aperture called micropylc can be detected by gently pressing 
a soaked seed between the fingers when water is found to 
ooze ^t from tlie iiiicropyle.^ 

(‘ When a pea seed is i>laced in water for a few days 
the seed is found to sWbll up and become soft. On peeling off 
the seed-coat it is found to consisit of two layers which are 


known as tlie testa and tegmen of the seed. Within this 

coat two large fleshy bodies are 

seen placed • one opposite tlie 

«)ther. Tliese are the cotyledons 

or seed-leaves. The small white 

conical body on one side af the 

cotyledons is tlie radicle or the v> 

embryonic roo t. The apex of 

the radicle points towards the Fig 10 

. i showing cotyledons^ 

mici'opyle. Continuous with plumule and radicle. 

thp radicle and placed between the cotyledons ij found the 

plumule or t he embryonic shoo t. On using a lens this is 

found to consist of a number of minute leaves. The 

cotulcdona^ radicle and }ilumule collectively form the e mbryp 

or the ininute plant of the seed. 

In some seeds as -shim, tent id, chhoUi etc. the embryo 
forms the entire kernel of the seed. .These are called exalbu- 
minous seeds. In many seeds of monocots such as, diuin^ 
(ftitn etc, the embryo is very luimjte and occupies a small 
Portio n of the kernel. The major 2 >f^rtion is occujiied by 
a white mass call^ albumen or endospenn which is a * 
reservoir of stored fo5d to be if^ilised at^ the 'time of 
germination. These seeds with endosiierm in addition to- 
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«nil)ry() are called albuminous. Dicot seedn may be 
albuminous as, rerlii, dhaijtia etc. or ox-albuminous as, 
kinnrci, lentul, palseti etc. 

The plumule and radicle tofietbei’ toj'm an axis of tlie 
embr>o. This axis is attached to the cotyledons at one 
point. Tf there is a distinct jiart between tlie radicle and 
the cotyledons it is called hypocotyl ; and a sijiiilar distinct 
j)ai‘t between the i>limjiile and the cotyledons is called 
epicotyl. 9, C) 

The relation of tlie different parts of ar»y seed can be 
representerl i.n the following table, 

S('('d 

I 

I ■■■ ‘ J 

Sfod Keriiol 

I i 

I T I' ‘ ■'I . 

Te.sta or legmen or Kmbr>o Albumen or Endosperm 

iipjMir layer inner hiyer I (wlien the 

I seed is albuminous) 

I 7’. ! r.. .. 

Cotyledonsin Plninule or tanbryonie Radicle or ein- 

dicot se^s but shoot bryonic nait 

one in monneot 
seedsl 

Germination: its meaning. —By j>ermination of the 
seed we mean the sprouting ui» of seedling from a 
seed due to tlie development of embryo in the seed. 
Before gertnination takes place, the embryo, though liying, 
remains inactive in the seed and does not seem to 
brea the. It is thus as if in a sleeping inootl. The process 
of germination awalcens tTie embryo from its sleeping 
condition jp , that it tJHn now' lead a life of activity 
and grqj^jP^ . Ho\^ also goes on^^esiiiting vigorously and 
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ir!i])id cliaii^es sire aoen to occur in the entire .body of tJie 
embryo till it is converted into si seedling cai)able of 
ticquii’ing food imiterials from the soil and siir with the help 
of newly developed roots sind leaves. All these chsingos 
resulting in the c;onversion of sin inactive hodv to a self- 
siipp«)rtirig structure sire due to the jirocess of germination. 

Conditions for germination.- In the lile of a flowering 
plsint seed is si resting stsige. At the time of seed forinsition 
sictivity is great Vast wlien the formation is corn])lete and 
the seed is mature, it takes rest t. v. it remains as si 
dormant hodt for si few montlis and even ’ years. So 
long as the resting jieriod is not over, germinsition fails 
although the conditions for germination are supplied to it. 

GJranges ususill^ take jskfce in a dry mature seed wlieii 
it is placed under the influence of several favourable con¬ 
ditions. They are (1) Water, (2) Oxygen and (3) Heat. 

Wsiter, when absorbed hy tlie seed, softens the soed- 
cosit, liowevev hard it is. The stored food is usually 
insoluble. This is rendered soluble during germination 
)>y the ’action of a ferment. The soluble food makes a 
solution when it comes in contact witli the absorbed water. 
Tho solution is then easily transferred from the store-house 
to tlie growing regions of plumule and radicle. The oxygen 
necessary dui’ing germination is only required for the 
respiration of the young ])lants whilq^lieat is the source of 
energy necessary for germination. 

Seeds alw^ays require for their germination suitable 

amount of water, oxygen and heat. But when they are 

• 

supplied with, too much or too little, heat or moisture 
germination fails. In tVie. same way* the entire absence of 
oxygen in the soil prevents germination. 

2 ‘ . 
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Lif^ht is not necessary during* germination. Kather,. 
when light is strong it may hamper germination. In that 
case the germinating seeds ought to be screened. Light is 
highly useful immediately after germination as new leaves 
can neither be green nor can they absorb food from the air 
when deprived of light. 

C 

To prove that germination is possible only with 
the suitable amount of moisture. 

A short stick is put slantingly in a large beaker half-lilJed 



Three Ifean seeds gonniim- 
ting in diilei'enfc regions of a 
stick, ft—lleed placed in water, 
c Seed pi toed on the surface 
water. b-^|^d placed far above 
water. f' : . • 

|nd swlfls. Soon 


with water. Three soaked 
bean seeds are attached 
to the stick at different parts 
namely,one within the water, 
the second outside tlie water 
and the third just on the 
eiirface of water, tlie water 
is boiled to exclude the dis¬ 
solved air and then allowed 
to cool. Germination fails, 
in the first for wp.nt of 
oxygen and in the second 
for want of water while the 
third getting both suitable 
amount of water and oxygen 
germinates vigorously. 

Changes during germi¬ 
nation. —When a dry seed 
is placed on a moist iilace 
it absorbs a large amount 
the seed-coat bursts at oiie- 
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point through which the radicle makes its way out of the 
seed and grows towards the soil where there is no light. 
When the end of the radicle touches the soil it produces 
fine liairs called root hairs, a little away from the tip. 
The root hairs now try to fix the developing plant in the 
soil and abs()rb food from the soil. 

Tn many dicot seeds as tentnl, skansha, kumra, rerhi, 

barhati,Qtc. the upper part of the radi- 
cle or hypocotyl elongates upwards. 
The force of elongation is so gi'eat 
that at first it is in the form of a loop. 
The loop is strong enough to ])ierce 
through the overlying soil and to 
drag along with it the cotyledons and 
the plumule which are pushed in 
the air while the seed coat is left 
behind in the soil. The cotyledons 
now coming to light become green 
and try to serve as grgen leaves. 
Tliese cotyledons are then called 
epigeal. The type of germination 
in this case is also called epigeal. 

In other seeds of dicots as, aniy 
kaiitalj matar etc. the hyi)ocotyl is 

Seed ol BarbMi (bean) growth ; lionce the 

germinating. cotyledons are not carried above the 

soil, but remain on the soil as they were before the time 
of germination. The cotyledons in tliese germinating 
seeds are called hypogeal. The pointed free end of 
the plumule gradually grows *np pushing aside the 
hard particles of soil aliove it. Thus it is noticed that 
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when hypocptyl elongates, germination is epigeal aiul 
when epicotyl elongates, the germination becomes 
liypogeal. 

Germination of several common types of seeds. 

(1) Shim or bean seed (Dicot' ami ex-alhuininouM). - 
The smooth, !>lack and oval seed lias a white stripe on one 
of its sides. There is a very inimito hole called inicrojiyle 
at one end of the striiie. When the seed is soaked in water, 
wiped dry and then pressed fjpnfdy between^ the lin^^ors. 






Fig. 18. 

DifiFerent- stages of germination of a Shim .seed. A—Seed. 
Radicle coming out. C, D— Showing hypoc.otyl 
J in the form of a lodp. K —Lafitstago. 

f 

water can |)e^ found oozing out from the mioroiiyle. There 
are loats—thick outer one and the thin inner 
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one. When they are removed, tlie whole white mass 
evposed is tlie embryo of which the radicle lies at one of 
its ofl^^es as a conical protuberance. The mass can easily 
he separated into two large fleshy bodies, called cotyledons. 
They are connected at one side with tiie radicle. The 
leather-like plumule lies between the cotyledons which are 
the storehouses of foftd for supplying the plumule and 
l adicle at the time of germination.’. 

When water is sup])lied to the dry seed, it takes several 
hours to soften tlie hard coat. At first the ratlicle comes 
out of the sw’ollen seed as a white pointed hod^ which grows 
towards ■ the soil and produces fine root hairs from its end. 
Soon the hypocotyl elongates and bends on account of the 
consideral)le growth at Ifhat region. It is in the form 
of a loop, one end of wdiicli is within the soil and the 

other end is witliin the cotyledons which are thus 

« 

gradually piishetl out of the soil. The bent liead freed 
from soil tries to he straight after throwing off the 
seed coat. Plumule now begins to grow as new shoot 
above the cotyledons. Hypf»cf)tyl is at this stage a long 
j)ortion of the axis lying between the cotyledons and the 
surface of tiie soil. Tl)us the germination is epigeal. 

(2) Mango seed (Dicot and ex-albuminous).—The stony 
covering is not the seed coat but th^ last layer of the fruit 
known as the endocarp. This encloses within it the entire 
seed. The seed coat consisting of testa and tegmen forms 
a thin membrane closely attached to the inner wall of 
the endocari) which bursts at one side through which the* 
radicle makes its way. Soon th8 radicle •l)ecomes estab¬ 
lished in fshe soil, as a strong root producing branches. 
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The ei)icotyl now grows very vigorously and thus forces 
the xdumule to grow out of the cotyledons wliich remain 

having its position least 
affected in the i)rocess. 
The plumule now* rising 
above the soil grows as 
a ‘new shoot on which 
several long leaves api^ear 
which though brown at 
first, gradually become 
green in colour. The 
germination of the seed 
is hypogeal. 

(3) Castor seed — 
(Dicot and albuminous). — 
The highly polished, 
streaked liard chat is the 
testa of the seed. At one 
end of the seed there is an 

C I 

"Fig. 14. outgrowth called caruncle 

Mango seed genniiiatiiig. which covers the inicro- 

pyle. On removing tlie testa a white massive body is 
found. When this is split lengthwise in the plane of the 
flat side, a small embryo becomes visible. This consists 
of two cotyledons, a radicle and a xdumule. The cotyle- 
dons are very thin, leaf-like and surrounded completely 
by the oily white mass called endosperm, in which abun¬ 
dant food is Stored for the use of the embryo during 
,g 0 rmii 3 ^fcH?n| The radicle lies* towards the caruncle while 
the j^tttnule|lie^ between the cotyledons. 

fcfe seed ail soaked in water for a few days, the 
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radicle comes out at first. The hypocotyl elongates and 

■ 

grows so fast that it forms a loop and carries the cotyledons, 
•endosperm and plumule above the ground. The thin cotyledons 
remaining within the endosperm go on absorbing food from 
it, until all the food-store is exhausted, when they come out, 
•expand and form the first green leaves of the new plant. 
The cotyledons are thus epigeal. The radicle gradually 
•develops into a thick primary roof. 



Fig. 15. 

•Castor seed germinating. A - Elntire seed. B—Longitudinal 

section of the seed. G — Seed germinating and the hypocoty 1 
in the form of a loop. D — Cotyledon with endosjpenn 
surrounding it. E-Cotyledon •showing the veins, 
ca—Caruncle. ot—Cotyledon, h—Hypocotyl 
1—Loop, a —Endosperm, t-Testa 

(4) Paddy —(Monooot and albuminous).—The whole 
$rain or the unhusked rice consists of the husk and. 
the ri(je. The husk: which serves the purpose of 
protecting the rice is no part of the seed. The grain is a 
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sinf^le-seeded fruit and not a seed. Paddy can never 
^'ei’ininate if this husk is absent during germination. Its 
])reserice is essential as it maintains that amount of heat 
which is required at the time of germination. Similar cases 
are noticed in hhutta, </07u, etc. 

At the base of the grain there are two white minute 
scales on the two sides em])racing tlfe luisk. Tlie grain is, 

in some cases, crowned by a hristle-like body, called awn 

« 

which helps in fixing.tho germinatiiig grain to the soil. 

On reJiioving ttje husk, t)ie small 
ejuhryo is found to lie ,on one side 
of the grain Accupying a small 
jiart of it. The g'l'cater portion of 
tlie grain, is occLi])ied by the mealy 
on(k)sperm which contains ahimdant 
stored food to be utilised by the 
embryo when gei-mination* goes on. 
The enibry{) consists of plumule and 
radicle besides a single cotyledon 

« I 

whicli is in the form of a sheath and 

one surface of wdiich lies in close 

• _ 

contact with the endosperm. This 
l)eculiar cotyledon known as scutel- 
lum acts as an organ for absorbing 
food from the endosi)erin. Within 
the husk and adjacent to the white 
scales of the grain, lies the radicle covered by a sheath 
called rool-sheath which is an extended part of the* 

r , 

.scutellum^ the plumule lying above the radicle consists of a 
series of viy: small rudimentary leaves of which the outer- 
mgst*, sh^eAlfing'the^inner ones, is a part of the scutelluin. 



Paddy scedliug. 
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When tlie f’rain in; ])lace(l on moist soil, it goes on- 
ahs()r))ing water. Tlie radicjle first j)asses out of t^ie grain 
ami grows dovvnw'ard, breaking through the root-sheath, 
ft does not develop further but withers away and is re- 
\>laced by many fibrous roots, derived from the base of 
the plumule. In the meantime, the plumule, covered by the* 
leafy sheath, ])ushes its way upwards and wdien it is above 



Fig. 17. 

Hermiiiatioii of JJhiittn. A - Longitudinal Koetion of hh h tta gniin. 

B, C and 1)—Different stages of germination. 

the soil the sheath bursts to allow the first leaf of the 
Ijlumule to expand into the air. So long as the food is 
present within the endosperm, the cgtyledon goes on absorb¬ 
ing food in the form of solution and supplies that to the 
growing parts of the plumule and the roots. Germination 
thus is hypogeal. (cf. the germination of bhutta). 

(5) Cocoanut. —(Monocot and albuminous).—This is. 
a fruit consisting of three layer^ of which the last is 
stony, as in mango. They are helpful at the time. 
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of ^germination. The stony layer is the shell that covers 
the seed. The seed coat is thin and brown lyin^^ adherent 
to the shell. The white edible kernel containing tlie 
eocoanut milk is the endosperm of the seed. The embryo 
is very minute and is buried in the white solid endosi)erm 
just below the eyes which can be noticed at one end 
of the shell. The embryo consists of one cotyledon, a small 
radicle and a plumule, and is well i)rovide(l with a tliick 
layer of white endosperm. 

When germination begins, the cotyledon becomes s])ongy, 
ball-like and bigger in si^se. Gradually it fills uh the cavity 

of the endosperm and goes 
on absorbing food both from 
the 'milk ai|d the solid end- 
ospern. One of the tlireo 
eyes of the stony layer wliich 
marks the position where 
the embryo lies buried in the 
endosi>errn allow's the germina¬ 
ting seed to bore its way througli 
the hard stone. The radicle 
soon dies away and from the 
base of the plumule many fibrous 
Coooanut germinating. roots appear, penetrate the husk 
of the fruit and grow down to the soil from which they draw 
water and food. Meanwhile the plumule ruptures the en¬ 
veloping sheath and grows upward to produce green|fieaves. 
So long as endosperm is not exhausted,' the cotyledon 
remains wif^in it. Germination is thus hypogeai. 
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Seeds with different modes of germination. 


Seeds 


Diuots • 


Monooots 

(mostly albuminous) 


Epigeal Hypogeal 

! as, kantaly 

I I avi, matnr. 

Albuminous Ex-albuminous 

as, rerhi, pop/'fl, as, kumra, surja- 
.krishnakali, miikhi, tentul, 

dhania. siiuiil. 


Kpigeal Hypogeal 

as, peyaj. as, dhan, 

narikelt 
gtnii, tal. 


/difference between Dicot and Monocot seeds 
and their germination. 


. • Dicot seeds. 

1. Albumen may be pres >nt 

or absent. 

2. Cotyled.on8 two in the embryo. 

3. Germination is epigeal or 

hypogeal. 

4. Hypoootyl or epicotyl pushes 

the plumule out of the seed, 
d. Cotyledons are lateral and 

J lumule is terminal. 

ble is not replaced by 
other roots. 

7. Radicle persists to develc^ into 
a normal root. 


Tiklonocot s(»jds. 

1, Albumen usually present. 

2. Cotyledon only one. 

8. Germination is usually 
hypogeal. 

4. Cotyledon itself pushes the 
jilumule. 

5. Cotyledon is terminal and 

the plumule is lateral. 

6- Radicle is replaced by many 
fibrous roots. 

7. Radicle does not persist and 
hence it does not develop 
into any primary root. 
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Functions of cotyledon. 

1. In I'x-iilbiimiiiouK rteedw, they ston* lip food in tliem and hi-nee 
they become fleshy or massive in form. 

‘2. They protect the plnmule and radicle. 

Wlion epigeal, they act as green leaves. 

4. As a scutellum, the cotyledon draws food from the endosperm to 
supply it to the plnmnle and the radicle. 

In monocot sp(*fls, the (jotylcdon piisWes the plumule out of the 

seed. 

Exercise II. 

1. What is an albuminous seed? Describe the structure of a 
dicotvhsdonou.s albuminous seed. Oive an cxam}>le with sketches— 
(J. U'. 193H. 

(Hint : - Herhi or c.istoris one of the Dicot ylhumiiioiis seeds. For 
the description consult page 22). 

2. Comp ire the structure of the seeds of the mai/e and the bean. 
Show in what respects thev differ from one another.—C. U. 1924. 

.1. What do you understand b\ the genniuatiogi of seeds ? Ellustrate 
your answer with reference to tamarind seed.— C. C. 1922. 

%/ 4. J>eseribe the mode of germination of any common seed as pea or 
beau or the seed of any common fleshy fruit. What are the essential 
factors for germination ? —C. U. 1921, 1920, 1909. 

5. How would you demonstrate the essential conditions required 
for the germination of seeds ? -0. Ih 1929. 

f). Describe the germination experiments that ybu may have 
performed in your practical course. (live the method as well 
as the purpo-se of each experiment and state the results obtained. 
—C. U. 1923. 

(Hint : —Begarding the purpose of the experiments, state the utility 
of supplying the embryo with the favourable conditions. As regards the 
results, the coftyledons may he epigeal or hypogcal). 

7. Defjcribe the germination of a INIonocot seed with an example 

and neat sketches.—C. U. 1933. ^ 

(Hint :—^addy may be selected. For description see page 

8. Deaerlfie from your own observation and contrast the germina¬ 
tion of any Pl 09 t seed with t^at of any Monocot seed.— C. U. 1911. ‘e. 

(Hint :-r1 ^ake bea.n as the type of a Dicot seed and paddy as the 
type «f a f^<|^iocot). . », 
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ROOT 

Characteristics of roots. - * R oot ih tlie descendin g axis 
oJ[_l^ pliuit as it ^rows downward into soil where there 
is n(i liffiit. It is usually non-j^rocn in colour, for it lies 
buried in thcf soil and is not exposed to lij^ht. 



Fig. 19. 

Roots. A—Branches of root with root hairs. 

Yi — Kunira root, a—Root hairs, b -Root 
cap. C-^Kea roof with root-cap. 

When it penetrates deeply in the soil it produces branches 
in a regular order of succession, i.e. the older branches are at 
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the base and the youngei* branches are at the apex. The 
brandies on the main root are called secondary roots. 
They in their turn produce another set of branches called 
tertiary roots and so on. Roots usually bear branches. 
Leaves and leaf-buds are not found to develop on them. 
The branches of a root aiise from the deeper parts o1 it. 
Tliey are tlius known as endogenous in grow’th. 

At the extreme tip of the roots or their brandies, they 
are covered by a caji-like body called root-cap. As the root 
is very delicate at its tiji, the root-cap protects it. This is 
also very sensitive to moisture and food,in the 'soil and due 
to this property it can easily trace regions ol soil where the 
food for the plant is available. It can guide the root 
towards those directions where the food is present in 
the soil. 

A little behind the root-cap there is a portion pf the v(>ot 
Irom which fine hair-like bodies called root-hairs tlevelop. 
These hairs directly absorb tootl from soil by closely adher¬ 
ing to the s 4 il part.ides. They also fix the ixiot in tliis w'ay 
to the soil. 

I 

Kinds of roots 

When the radicle rievsists, continues to develop and 
produces on it branches, it is known as true root or tSp 
root. The main'* or primary root, witli its different sets 
of branches forms the root system. 

.davfl^ froiji any. otherj[)a^,,qt4ihe 
‘ These are called adventitiouf or 

S9OT- Most of 'the MoDQc ot plants produce this 

'"‘n-U 1.' ^ "“nr ' ^ 

for^ro ,of fsoofS. Bolides them, the roots arising from the 



Fig. 20. 

Root. A - Normal root. B - Adventitious^ 
fibrous roots. 


The roots of annuals consist of a cluster of hairy bodies 
which are not so deeply penetrating. They gather food from 
tlie upper layers of the soil. Boots of dftan, gom are 

of this type. These are called fibrous roots. 


. JFlesby i^oQts ffmA in and . are of varying 

forms. The stored food is meant for the future use of the 

^ 7 .. • 

plants., They may be ;— 



^onigdj. '^vhen they are broa^ at 

but gradually tapering towards, the apex. 


the base 
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(ii) Fusiform, as rniilu, wheji they are more or less 

,1 0 ,— 

tapering towards the tvvt» ends, but slightly swollen 
in tfie middle. 

>(iii) Napiform, as shnJuovi, when they are considerably 
swollen, liiit suddenly ta])ering at their tips, as in 
the form (if a top. 



Fig. yi. 

FJe.shy j-ootR. A—Couieiil root of yn,jar. B—Fusiform 
root of uuiola. C —Napiform root of shahfom. 

c 

These three f^Krms belong *to biennials, though some of 
them tinislf the vrhole oourse of tlieir lives in one year in 
this climata. 

^iy) Tuperaus, as, shankaln , rarngOiOjiniy ahatamuli etc. 
wlpm the^ consist of (me or several swolIetTbodies 
’ .arising in a olnster. 
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Besides iliese, there are other ty])es of roots,’where their 
forms becoTue modified in accordance with the functions they 



Fig. 22. 

Tuberous roots of Hhatfnuhli. 

arc to seiTe. 'So tliey can he mentioned in connection vvitli 
the fiinctio-ns r)f roots. 


Root functions 

(A).—Normal functions. 

(1) Hoots fix the.plant to the soil^wliere it iu*o\vs. 

(2) Roots absorb food from soil tbrougli the^helpof their 
root hairs. 

<H).—Secondary functions. 

(1) Roots store food m them io gome cases for future 
use and for this reason they become fl ^jgh y and very 
massive in form as stated before. 

3 ■ 
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climb ing plants, as, pan, ekn, gajpipul etc. 
special forms of roots called climbing or glintfinrf' 
roots develop from their steis to help them ins 
climbinfi up any supjwrt on which they can j^row. 



Fig. 23. 


J 


Adventitious roots. A - Clinging roots of pan:: 

B Floating roots of keiiMr^m. 

(3) We have noticed before that epiphytes produce 
special aerial roote by which they abs orb th eir 

j foc^ fro|i},.jwr. • These roots remain suspended in air 
and absorb moisture.frow it. (See fig. 5 }. 

(4) Tile roQts ofjmrmtes called haustoria are short 
es developied fr^m those regions where they^ 

jtn ireet , contact with their host. They 
itrati^eeply into their host bo^es from which 
ihiy are to draw the required food. (See fig. 6) 


col 
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(5) Aquatic rcK^ts belonging; to water plante as, pana^ 
panipluil etc. absorb tl^onghout tlieir entire surface, 
the food which remains in solution in water. Hence 
they are as a rule very soft and whitish iji cplpur, ^ 



Pig. ‘24. 

Aquatic roots. A—Barapana. B Khtulipana. 

C -Root-cap. 

(6) The floatinfc .rflstt» JOt floats of kenhardam are 
white bodies cte^fe^g^TOin;,.|he al<em, ,in 

a cluster T^HesP' are filled with air makes the 

✓ ivhole plant light so that it can noat easily on 
water and enjoy sunlight as fully as posable. (^* 23) 
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(7) Iii:OiLr.OOtS-sir3 pillar^ljke aerial rcxjta of hot which 
j4ro\v from tlie itiain stern or the horizontal branches. 



Fifi 25. 

1'i‘op roots of //()/. 


They act as supjrorts for tlroatr branches which can 
t}uis~ ftnrw^^yi^oroLisly fj)^^ lon-^ rlistance. Some ol” 
tliese aerial roots f»row in the air without any con¬ 
tact with the soil. They remain as hanging' bodies 
witliout lending any hel]) to the branches like the 
proi) roots. 


/(H) 




roots are stilt-like bodies developed from 


the base.of the'ste.n so that the priinar>^ or initin 
stem rests uiion them as in kea. They differ 
ni|iniy^ojn the proj) roots in this that they are the 
■v|^i|)|iorters of their trunk instead of the branches. 

(rtJ. iiarife/ ana, qth^rjalmg.. 
Jmdilg the fibrous roots to fix, the plant more 
^4nly to the soil. 
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(10) In some eases, roots become green ,in colour by 
(levelopinfj in them the green colouring matter, 
• Avlien they grow out of the soil and are exposed 
to liglit, as the roots of gulanch'i. 



Fin. 

stilt roots of Icftt, 


(11) Respiratory or breathiniS roots also called 
pn eumfttOP.hores belong to ^dants which grow in 
swamps or marshy places as, ma?if/ww, kcora etc. 
of the Sunderbuns. As their root system cannot 
get sufficient quantities of oxygen neoessai^y for 
resi)iratian, the^ ordinary roots of these plants 
lying buried in salt marshes send up ^nto the air 
special erect roots. Tliey possess pores in them 
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to allow air to «et into the root system. They are 

a 

specially a(la.pt 0 d in growing from the soil with 
their tips ont into the air instead of spreading in the 
mire. The spong>' erect roots of keahardavi have 



Fig. 27. 

Rtsspiring rootn of Miingrovo,. A-Mam roots on tho sen-beach. 

B— Three of such roots growing as erect bodies. 

also the breathing function. Sometimes, dfmii, 
ak etc. also produce breatJiing roots. 

(12) Tliere are numerous plants which can Tnultiply 
ev^n thittugh the help of roots. Thus when the 
running advanced robts of haei, nplni, jam etc, be 
gu| of!’ or injured in any way, a little away from 
stem, they can give rise to new jdants at 
"cut-end * portions which are in connection 
the tht)ther plant. .. - . 
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Tlie tuberous roots of shatamuli, shankaln etp. are some- 
times found to propaga,te ])lants. Similarly new shoots arise 
from tlie roots of patal, kachiiripana, hurchi etc. 


Tabular summary of different types of roots. 


Roots 


Noniial 


Adventitious 


I I 

•Ordinary ^ Modified into 

as; mu .flcuhy : — 

, (1) Conical, as, ffnjar. 
»‘2) Ftisifonn, as, mttJa 


(1) Fibrous, as, dhar,. 

(2) Epiphytic, as, ras?ift. 

(3) Parasitic, as, HwamaJata. 

(4) Aquatic, as, pana. „ %/ 

(5) Floating, as, Itenhardam. 


' (3) Napiform, as, shnl^om. (6) Climbing, aH,'piTU. 
i(4) Tuberous, ns, rnngaaht. (7) Thorny, as, narikel, 

- (8) Bespiring, as, cJuua. J 

• t (9) Prop‘iike, as, 

(10) Stilt-like, ns, 7;m. 




‘ Exercise III 

1. "What are the <*hamcteriKtics of a root ? Wha(t.aro its functions ? 
"What are adventitiouR roots ?~C. C. 1932, 1928. 

2. What are the normal functions performed by roots ? Show how 
the structure of the root is modified in relation to special functions,;, 
—a IT. 1915, 1911. 



CHAPTER IV 

STEM 


General Characters Ii is the ascending of th(' 
plant. It f^iows to^^^lr^ls lif^ht and air. Ft usually 
liears leaves, buds, branclies or inodiJications of all ol them. 
It becomes f»reen in colour and lienee it lias the power of 
absorbing 1ood materials from air. The brandies, leaves, 
(dc. are develujiud on it from the suiierficial legions so the 
growth of stem is exogenous. 

The region on the stem where leave? arise, is called the 

Jiodv. The sjiace of the stem 
between any two successive 
nodes, is ca.lled the inter¬ 
node. The leaves never 
arise from this ‘internodal 
region. The inner angle 
which the stem or its branch 
makes with the leaves at the 
node, is called the axil. A 

I 

bud usually a])pears at the 

axil and may grow out into 

a branch in due course. 

Tu some cases, the inter- 

nodes are more or less 

28. suppressed in development, 

Parthof a stem, a + Node. so that the stem becomes so 

tiornode.^ o- Bud, d—Axil. 

(}-Bdd at the head. * dw^arf, that it can not be 

distinguished easily. The leaves from the successive nodes 
of such a stem #186 as if in a cluster. Such apparently 
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Rteniless plaxits are called acaulescent an, hhumichampa, 

m 

pana, anams, etc. During the flowering, of these plants, 
a long stalk, called scape, arises to hear flowers and fruits. 

Distinction between typical roots and stems. 

ROOT. STKM. 

1. Desc!et)di?ig axis 1,1k* 1. AscftTidiiig axis of the 

plant. plant. 

2. Grows away from light and *2. (irows towards light and 

towards soil. away from soil. 

A. nsiially tion-greon in colour, M. Green in colour and can 

ho can not absorb food materials absorb food materials from air. 
from air. 

+. 15ears only branches.. -t. Bears leaves, buds and 

branches. 

5. Branches are endogeiioiSs'iu b. Branches, leaves, etc. are 
origin. exogenous in origin. 

f>. Apex is covered by a root-cap. 6. Apex has a terminal bud. 

7. Root hairs are nsiially 7. Hairs, when present, are 

present, unicellular and nutritive. protective and multicellular. 

Functions of stem. 

StenjK, hearing leaves and hraiiches on ttieni, arrange 
and spread them out in such a i)osition that they can enjoy 
air and light fully. When stems grow in age, tliey 
become thicker and stronger to carry the whole burden of 
the foliage. Stems also helj) the conduction of raw food 

materials in solution from the roots to» the leaves. The 

P-.W.... ii 

])repared food again passes througli the stems, from the 
leaves'to the different parts of plants. Stems hearfl«wei*8 and 
frnits, so that they may be freely exposed to air and light 
and thus may attract insects,* birds, etc. Stems may also 
store surplus food matters in theftn, wliich sJre utilised in 
future, AvJhen occacuon arises. 
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BUD 


Bud is a sjioot in the first staf^e of its develop]nent. 
Its axis consists of distinct nodes and internodes. Un¬ 
developed loaves arise from the dilfei^nt nodes in such a 
way that they form a crowded mass. The internodes are 
"very short and have not yet become elongated. Bud is 
thus an undeveloped shoot which, wdien develops and unfolds, 
gradually grows out into a leafy twig consisting of nodes, 
intemodes and leaves. * 


Structure of the bud. —Unlike roots, the ai)ex of tlie 
stein is never covered by a cap. There is a coiTi]nict 






STEM 


43 


and so on. The intemodes of the axis become more and 
more elongatedP^ towards the base and the nodes give rise 
to leaves which are more and more expanded in foS‘m» 
from the base of the stem upwards. 


Kinds of buds. —The result of the development of buds 
IS the formation of branches or flowers on the plant. 
The buds producing branches are bud* and 

those giving rise to flowers are fl oWer buds. 

Mainly there are two kinds of buds, viz. (l) Normal and 
(2) Adventitious. Normal buds are usually situated at 


the axils of leaves,'^ when they are called a^ marv buds. 



They also occur at the ends 
of branches or stems, when 
they are called termin al-JMids^ 
Some of the axillary buds 
specially those of cold climates 
remain dormant for sometime, 
i. e. the power of growing out ^ 
into branches, remaii^ latent in ^ 
them, for a long time. They are 
known as 4o^3a&t.Jaids. In 
ordinary buds, the protective 
leaves, at the axils of which' buds 
grow, develop along with the 
development of their buds. 
So, by the time the leaves, after 


Pig, 30 . their full growth, wither and 

Normal buds of sifnul in Febru- f^U away, their active buds grow 

ary. a—Axillary bud. b—Node. • , r--——=- 

c—Tenninal bud. d—Internod^. out into branches. But the dor¬ 
mant buds do not grow along with the growth of the sul> 


tending l^vCs. They lie dormant even when the leaves are 
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absenti and do not protect them. In the absence of these 
leaves, when they are exposed to the rigours of weather, 
protection is afforded by the development of scaly leaves 
on the outer surface. Sometimes, a thick coating of hairs 
or resinous secretion on the buds may serve the purpose. 
These forms of scaly or hairy buds can be found in asoka, 
bans, hot etc. Some dormant buds 'remain, for a long time, 
hidden and they are protected by the overlying bark as 
in kantal, balcul, shishoo. kamranga etc. 

Adventitious buds are never found at the axils 
of leaves, as normal buds stated above. ^ Being thus 


disconnected with the 
leaf-axils, they grow 
irregularly from any 
part of the plant. They 
are well-noticed at the 
indented margins of 
the leaves of pathar- 
kuchi, wh^n they are 
mature and fall on the 
moist soil. Such buds 
may be called cpi- 
pHyllous. 

Gardeners usually 
pollard or cut off the„ 
ends of branches of 
some plants every year 
as, kesnahma, 



Pig. 31. 

Buds ou patharkuchi leaves. 


etc. \yit^in a few months of pollarding, the cut-' 
ends qf brinohes jprodu^ many minute adventitious buds 
gproW out into many new branches at the time. 
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Such buds springing from any part of the stem are called 
cauline, as distinguished from epiphyllous buds. 

Buds, under special circumstances, may be produced 
from roots. When a tree is cut down at the base or broken 
down by storm, roots, instead of producing new root- 
branches, produce buds which soon grow out into leafy 
shoots. Such adventiibious buds may be called radical. 
Budding power of roots is utilised in the propagation of 
plants by gardeners. 

Sometimes instead of a single bud, two or more buds may 
appear from* the axJJ of a leaf, as mehdi, ishennul, etc. In 
most cases, all of them do not grow out into branches. 

These are called acces¬ 
sary or additional 
buds. In mehdi, the 
upper bud grows out 
into a thorn. 

Buds may be modified 
i nto globular swollen 
bodies, called 
at the axils of leaves. 
They store food in them 
and, when mature, 
detach themselves from 
the parent plant, to 
produce new plants like seeds. Chupri alu, kandapushpa 
(Globba bulbifera) produce buds of this tyi)e. In the 
Cryptogams, as Ferns, Moss, .they may reproduce themselves 
vegetatively by means of modified^buds called^ gemmae. 




Fig. 32. 

Bulbil of chupri alu 
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Tabular summary of the types of buds 

Bud 

I 


Normal Adventitious 

_i_ J_ 

I I I I ““ I ^ 

Axillary Terminal Epipl^llous Oauline Radical 

I i n i , 

Active Dormant Accessary Modified 

_ ! _ 

I I 

Bulbils Gemmae 

r 

BRANCHING ‘ 

Stems produce both branches*and leaves on them. The 
branches are similar to stems in structure, growth and 
function, but the leaves are in no way similar to them. 
Branches, thus, are similar, while leaves are dissimilar 
bodies, developed on stems. The arrangement of similar 
divisions of st^ems is known as branching. ^ ' 

Tjrpes of branching. There are two chief types of 
branching :—(A) Dichotomous and (B) Lateral. 

When the .growing point of any stem divides itself, 
* 

into two parts, which grow in two different directions 
forming branches of the stem and when the branches 
again divide :in a similar way, the branching is called 
dichotomous. This is mostly found amongst the 
lower plants and in some flowering plants. When the 
divisions of^ inching are equal and the two branches 
always .^w|with equal vigour, it is called normal 
dichotomoaif. put whdn the divisions are unequal, 
SO thi^tvti^ fbranoh^ are not equally vigorous, i. e» 
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in each division, one branch is stronger than^the other and 
it is the strong branch which is to divide again to form two 
i)ranches, one of which is stronger than the other and so 
on, this is called sympodial branching. When sympodial, 
if the strong branches, formed as the result of unequal 
divisions, are tiirown always on one side, namely right or left, 
it is called helicoid ?^r helix-like. But when the strong 
branches are arranged, after divisions, alternately right and 
left, so that the axis takes a zigzag course, it is called 
scorpioid oi* scorpion-like. 



Fig. 83. 

, Forms of branching. A—Dichotomoas. B—Helicoid, 

C—Scorpioid. D —Racemose. 

Tfie brandling is lateral, when the axis goes on growing 

upwards with a terminal bud* at its head, producing side- 

^ ♦ 

branches which originate from lateral buds. This type is 
common in the flowering plants. 
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I. 

Dichotomous and lateral types compared. 



JSICHOTOMOUS 


LATKRAL 

1. 

Branches are formed b\ 

the 

1. Braiu'hes dcvcU>p a little 

divisions of Ithc growing : 

1 [)(*X 

behind the growing apex of the 

itself. 



shoot 

2. 

Brancht's usually hnvj* 

no 

2. Branches tak() their origin 


connection with the lenf-iixils. from buds jit the leaf-axils. 

Racemose juul Cymose are the t\v() ty])es ol hiteral 
hi'anchin**. 



Pig. 84. 

Cymose hraiichin^?. A, A* - Helicoid cyme. H - Scoi*pioid cyme. 

C - -Bi|Mirous cyme. (V—False dichotomy. 

i 

In racemose tyjie, the axis continues to develop upwards 
and produce^ side-branches on it, arranged in regular order of 
succession, h|> that,, newer and newer branches are at the tdj.) 
(Of «'****^- ^ This is found in many Dicot plants as, shurnhe, 
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vioola, shimul, eto. As* there is no knowin#,', where ther 
f<rowth of the axis stops, tlie racemose is also knowm as 
indefinite. Trees with this tyi)e of branching usually 
become pyramidal in form. 

In cymose ty]»e, the axis can not develop further, when 
the lateral branch or branches, originating from the axis, 
begin their development ; so, in this type, the lateral 
branches grow more vigorously than the axis from which 
they take their origin. There are many shrubs, as, heuoon, 
lanka, aHwaqandha, etc. which l)ecome bushy in form due 
to their cymose branching. Shirish, deahibadmn, etc. are trees 
wliich grow cymosely* Cymose is also known as definite. 

The lateral branches may arise singly froiu the axis or 
two at a time or more. According to the number of branches 
lonned, cymose may he uniparous, biparous or 
multiparous. In uniparous cyme, when the branches 
jire always*developed on one side, it is called belicoid cyme. 
Hut when the branches are placed alternately right or left, 
it i@ called scorpioid cyme as, in dlmtm, hatuhur. 

In biparous cyme, branches are formed two at a time 
as, in tulshi, katchmnpa, kristhnakali, etc. This type api)ears 
like a dichotomous one when the undeveloi)ed axes die away 
4ind fall off. This is then known as false dichdtomy. 

In scorpioid cymose branching, the axillary hranbh grows 
«o vigorously, that it pushes aside, during its growth, the 
main axis which has given rise to the branch. As the result 
of this, w’ben the main axes in the different regions are thus 
pushed aside they appear as branches, whereas the real 
branches, though seem to form * as one continuous piece of 
ax^ are not produced by the same growing point but tsonsist 
of fseparate axes derived from the different growing points. 

. 4 • 
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Thus, in harjora stem, each tendril-like branch is the maim 
axis, the i>osition of which is occupied by its real branch by 
imsbing it aside. This can easily be determined by the 
position of leaves on the opposite side of the tendril. This. 



Fig. 35. 

Sympodial branching. A—Scorpioid cymose branching. B - When A 
grown vigorously. C —Harjora stem, a - Tendril-like axis pushed 
aside, b—Leaf, c—Branch growing as main stem. 

sort of branching is called Sympodial, as the whole 
continuous axis now formed, consists of separate branches 
placed one above another. 

, t 

Helicoid and SdOPpiOld cymes should be carefully distinguished 
from the hellcol^ and scorpioid types of dichotomous 
hpatiching We dball ikal^wlth racemose and cymose types again in 
connection with mo arrangement of dowers on branches on 
stems. ! . ■ 
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Tabular summary of branching* 


Branching 


I ■ ■ 

Dichotomous 

! 


Lateral 


I 


Normal Sympodial* Racemose 


CymoHf 


Helicoid Scorpioid | j | 

Uniparous Biparous Mnltiparoua 


Helicoid 


I 

Scorpioid 


Sympodial 


KINDS OF STEMS 
Underground stems. 

There are some stems which grow beneatli tfie surface 
of the soil instead of growing ui)wards. They are %nown as 
underground or subterranean stems. They are often 
mistaken with roots. Like roots they lie buried in the 
soil. Thus as they are not exi)osed to light, they are never 
green in colour and hence can not absorb food from air, 
Like some fleshy roots they also store food in them which 
is meant for future use. But tliough* they agree so much 
with roots, they are never roots but stems, as they liave the 
eluivacters of stems. TJiey bear scaly leaves and Jjuds 
on them In many of them, thp nQdes„ and internodes, ..are 
distinct. They have no root-cap nor root hairs, so they 
can :*not absorb food from soil. Moreover, their internal 
structures agree with those of stems. 




52 


iMOKl'HOLOCJV 




Fynrtinns upder grouild SLtfigl& 


(1) , They are tlie store-liouses of food inat-iors. 

(2) . The buds developed on t.iieir» are tlie means )>> \vliich 
tliey multiply vef^etatively. Tliis vt^fieiative mode of 
reproduction is more common aiiumf,' the Monocots tluin 
amoiij* the Dicots. 

(3) They are very weak and soft and are often souf»'ht 
by ji 4 ra 2 infi animals for the sake of the food they contahi. 
Hence they f‘n)w heneatli the soil to protect themselves 
from the attacks of animals. 


Types of underground stems 

They are of four different forms -- 

(1). Rhizome, sometimes known as root-stock, as 
found in ada, halnnd, ^aii, lain, is a type ol 

fleshy stem f^rowiiig' horizontal!;v as a creepinj’ IxAly heneaf.h 


the surface of the soil. The 

nodes and internodes can 
c« 

be distinctly traced on 
its body.Many adventitious 
roots are j^iven off frojii 
the lower region wldle 
there are swily leaves (jii 
it at the axils of wdiich 

L 

buds arise: to ^ develop 
annually aerial shoots 
with large',green foliage 
leaves. If icoatjnues to 
deveidp at |be ^pex within 
this , sfifii.hf a l|iieral bud 



Fig. «G. 

Bhizomo of Hnh d. 


when it decays in the oldjftr 



rej^ioriH. Mankachn, fernn, etc are vertically grovtting rhizoiues* 
the top portions of which partially arise out of the soil. 

(2) Tuber as found in alu, hatielwhe is a swollen, 
r(jiMul or oval stem on the surt’ace of which many small 
l)its are noticed, called eyes of the tuber. Each eye has a 
s(;aly leaf and a hud in its axil. The roots on it are very rare. 



Fig. S7. 

Tubers oi a hr, 

11 a little fies^-portion of a tuber, containing at least one 
of the eyes,'be planted on moist soil, it soon gives rise to 
a new’ jdant. The tuber of aitt is really an underground 
branch w’hieh becomes fleshy due to the deposition of food 
matters in it. • 

Care must be taken that no confindot] arises between a Stem* 
tuber as, (jole-alu and a rOOt-tubOF as ranga-alu or niiank-alu. 

When the tuber is a stem, Itf position is either at the 
extremity of a shoot or In the axil of a leaf. 

,{31 Corm aa in oU (jardev-crocm, etc. is another tyi^e of 
sw'ollen stem, much branched and more or less flat in shape. 
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Tlie eyes, as found on the tuber, are totally absent from it but 



Fig. 3S. 
Conn of 01. 


the roots are numerous and 

g[row from all parts of it. 

The circular, membranf>us 

leaves enclose prominent 

buds in them. Aerial 

shoots with green leaves 

gi’ow up fi’on) it every year. 

(4) Bulb is a short 

stem covered })y numerous 

fleshy leaves forming a 
i 

compact body. It differs- 
from the above three t\])es 


of stems in having its leave?* fleshy. The food is stored 



: ' Big. 39. 

' ' 

^—Bulb of PiaJ B—Long, soctioa of A. 

G —ihilb of liajnnigatulha. 

^leHeav^ but not in the stems. It produces 



a cluster of librous roots from a disc at the base. At the 
axils of scaly leaves small bulbs arise which when separated 
from the mother plant giv^ rise to separate new bulbs. 

Bulbs may be tu mgjit ed or sc^y^- When tunicated, 
4is in pi(^j mshun, etc., the outer thin pai)ery leaves cover 
.the inner fleshy ones in a concentric manner. The scaly 
bulbs have no sucii oufer dry protective leaves. All the 
leaves here arc liesliy and overlap one another as found in 

r 

Jilif, rajani-gandhn etc. 

Climbing stems 

These plants are too weak to support themselves. They 
cun neither stand erect nor can bear the burden of their 
foliage. Thus they requiie support to w’hich they cling 



Pig. 40. 

Tendril climber of kinnro. 

for getting . identy. ,of air and light. They have thus 
the 8}»ecial means of growing upwards and of placing 
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themselves in the most favourable positions for growth and 
flowering. In the absence of any support they would be 
prostrate. They, have long intemodes in oi^^f)0r to reach 
hastily tlie sunnier region of the atmosphere. The 
structured they use for the purpose of climbing are varied. 
According to their organs of climbing they may be of tire 
following tyi)es ;— ’ 



Fig, 41. 

Tendril olimbars. A-—Uktt-ckandal. C Mmhuv^-^hcma, TA—Shibjhul, 

A. (l). Itoot-climbers. —We have noticed that in 
choi, etfei adventitio^j|8 roots develop from the 

nodes and friim the shaded parts of the stems. The ropts 
cling to the|*wighbounng objects and fix the climbers in 

fig. 23). 
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(2) Tendril-climber&, as, kimro\ atiasha, jkumkol/ita^ 
etc. in which the organs of climbii>g are tWdrils which 
are elonga|il|1 coiling structures and which are so sensi¬ 
tive at their tips that when they come in contact with any 
foreign body they go on coiling round it. I^ie tendrils, 
are modified branches when arising in the axils of leaves. 
They may also be modified leaves called leaf-tendrils which 
are tlie orgifllifcs for climbing where, the whole leaf or some 
l)art of it is jida})ted for the purpose. Tims the terminal 



Pig. 4i2. 

Ht)ok eliiubeiM. X -~ Knntali-cluimpa. B —Bananbilns 

leaflets of viatar leaves, the leaf-ends of ulai-cliandal and the 
entire leaves of mushur-chana ar^ modified into tendrils. 
In ahibjhiU^ the axis on whicti flowers arise is a modifieci 
tendril. (See fig. 41). 

(3) Scraimblers, ^ golap, letk, etc., are able to climb 
by means of prickles scattered irregularly over the surface 
of stems or branches. In kahtalichampay the curved 
hooks, dev6lo].)ed on stalk of the dowers dx the jdanta 
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to the neif^lihourin^ trees. Sheaku/, haudninlaa catch hold 
of their supi)orts and remain attached by the spiny 
structures. (See 42). 

B. There are some climbers called twiners or twining 
plants which do not develop on them any H})ecial climbing 
oi’gans. The stems tliemselves turn or coil around their 
neighbouring sui)ports, as in ayamjiUi, shim, hirhnli, 
simmalata, etc. Most of them twine round their suppt>rts 
from left to right when they are called sinistrorse. Ver> 
few of them, such as chupri-aloo, samudrn shok etc., 
however, coil from riglit tr) left. They are called dextrorse. 



Fig. 48. 

Twiners. A—Sinistrovstj twiner of shivi, B—Dextrorse 

tvriiior of vhupH~alu. 


Lianes are hard and thickened climbing plants wliich 
^row abundantly in trdiiical forests. Madhobilata, Malali- 
gulimclut^ ^re climbers of this type with roi)e-like stems. 
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Trailers or Creeping stems 

Like climbers these plants are also weak and slender 
and tbe>' can take their stand with ^reat difficulty. 
They do not require any 8upj)ort against which they can 
lean. Thus unsupported, they grow above or along the 
surface of the soil. Sometimes they are prostrate and gi'ow 
on the soil when no roots are developed from their nodes 
an in pit in. In other cases during their growth roots are 
given off at the nodes. The ends of their stems tend 
to grow upwards. They are of the following fonns ; - 



(l) Runner or stolon grows ^ as a long, slender and 
prostrate branch which arises from the aerial part of the 
])arent stem or a little above the soil, hut soon it bends down 
to come in contact wit^he soil where it produces new roots 
downwards and a new *oot upwards. A new plant can thus 
be formed at the ,end which now gAws independently oven if 
the branch is disconnected from the mother plant. It produces 
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branches in the same way to develop’at its end another new 
plant and so bn. Runners sometimes iK)ssess scaly leaves 
on them. They multiply vegetatively. The common 
runners are amrul, kalmi, (jhas (creeping type), latakochon^ 
etc. Clardeners produce artificially new plants in some cases 
by jiressing down branches into the soil as in nehti. 

(2) Offset is also a stolon b'ut its branch is a little 
shorter and thicker than the runner. The new jdants 
tV)rmed at the ends hear tufts of leaves-as found in topu-pmuu 
kdchuri-pnna etc. 



Fig. 45. 

\—Sucker of chandra tnallika. B—Offset of topapaiia. 

is) Sucker is an underground branch which growing; 
diorissontaUy below the soil for a short distance,rises up in th® 
air giving ofi' roots d.nd a shoot to form an independent plant.. 
The new plarnt in its turn producem^ underground branch to> 
grow in th^s^iue way. Some of well known suckers are> 
kiiunii in ’several garden*’ plants, as, ch<indra-malU1m, hela^ 
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Sucker differs from stolon in this that in the former, the branches 
formed, are underground and they originate from uiidergrottnd stems, 
whorojiH, in the latter, both the branches as well as their points of 
origin arc aerial. 

Erect stems 

There are imitiy plants tlie steins of which are sufficiently 
strong to be able to grow in an upright position. Tliese are 
called erect. They may be of the following forms ; — 



Fig. 46,, (> 

Strong Ktetiis. 

tl) l>elique8cent —Wlien the tree is usually branched 
in a cyrnose manner, it becomes more or less rounded or 
dome-shaped. This is found in deahihadnm, Iwt, xhiris 
and may other plants. 

(2) Excurrent —when the branching is racemose so 
that the branches ar^jjiarranged in acropetal succession, 
the whole figure of the *e is like a pyramid in 8hai»e. The 
axis prolongs its .grow^th upwards in a straight line throwing 
•off many side-branches from base to apex, as pine, dehdam 
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( 3 ) Caudex —This is applied to plants as rntriJcel, tat„ 
<3tc. which are usually unbranched and hear many scars 
of dead leaves on the surface of the uniformly cylindrical 
stems. 

(4) Culm —This is applied to plants as ak, bam, 
hhiUta, etc., which have their stems provided with distinct 
jointed nodes. Excepting a few jhants, their intemodes 
are hollow. 



Fig. 47. 

Thorns as modified branches. 

A —Bel branch. B —Nehii branch. 

Modified stems 

Stems undergo modifications to serve special functions. 
They may Ije recognised ip,s stem-structures by their mode 
or origin. Whatever be their forms, they originate from 
the axils of leaves. The following are chief forms :— 

(1) Thongs am the modified ^ranches or stems ; so 
they may bear i|ranches or leaves on them. They can easily be 
distinguish^ ^rorn other similar outgrowths, as, spines, 
l^ckles, atc^ their i^sition in the axils of leaves and by 
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their internal structure and connection with the internal 
parts of the stem. They must not be confused with spines 
which are modified leaves at the axils of which buds develop. 
The thorns ()f hel, lyioynaka/nta, nehn, anhir-lcanta, etc. are 
all meant for protection. 

(2) Stem-tendrils are leafless and eoilinj; modified 
branches which are iiSed as orj^ans for climbing upon 




Fig. 48. 

TendrilK of jimmkolntn 
as modified branches. 


Pig. 49. 

Phylloclade of 
p}ianifnansJia. 


supports (vide page 57). They may be simple or branched. 
During growth, they catch hold of suitable objects, or 
in some cases, loose bodies rouild which the3f Ijegin to coil. 
Jhumkolata, goaMata, Imrjoray etc.<ilimb by means of the 
leaf-opposed tendrils 
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(3) Pliylloclades or cladodes are modilieci green 

efcems which may l>e flat or angular. Tlie leaves on them 
are usually transformed into spines, as in sij, 

•etc., or in some cases into minute scales, as in jhau. The 
functions of the leaves are performed by the stems. The> 
usually grow in dry situations where they secure with great 
difficulty their food solution. i(Seeyig. 49). 

(4) Mowers are also modified branches. The leusons, 
ior taking Jbheiu as brandies, will be exjilained later on. 


Tabular list of the different forms of stems. 


Sboms 

I 

I 


I 

Underground 


Atsrial 


1 


Bulb 


Rhizome Tuber Cocm 

ada an, ala as, ol ( 

I 

Tunicated Hca).j 

as, piaj as, I'ajaniffavulh^ 


Weak 


Strung 
or erect 


Modified 


j 

Ulknbets 


Trailers 


1 


.Armed 


Uuacmed 

I 

Tvvi tiers 


(1) Deliquescent (1) H 

as, hadnui 

(2) Kxourren 
as, piiiv 

(3) Caudox 
as, iiariM 

(4) Culm 

as, Mint fa 


.Uiurii 
as, barl 

(2) *Teudril 
as, fiarjora 

(3) Phylloel- 
tide as. jiim 

(4) Flower 
as jaJta 


j^m«dirorse 


Stolon 


*s, * 

A;' 


Tendril^ t 
, clkaber.s 
4s, mi^ar 


Dextrorse 
as, -chtiprialu 

_• 

“ 'T 

.Bccamblers 
.aa, golap 


Sucker 
as, ptidina 


Banner Oflitet' 
as, mnml aif, .pdna 
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Exercise IV 

1. Doscriby the Ktructure of a leaf-bud. Give an aocoiint of the 
•different ways in whidh buds are protected - C. U. 1929, 1922. 

(Hint: —For protection,see how dormant buds are protected, page 44). 

2. What is a branch '* Describe; the nmin tvpes of branching.— 

U. 1932. 

3. How can >ou distinguish a. stem fr(nn a root? Describe their 
peculiarities as I’cgards (a) the naked eye appearance (b) the branching, 
i(c) the structure of the growing point.- C. U. 1920, 1914. 

( Hint : —(c) the root-aiX'X is covered with a root-cap but the stem- 
apex lias a bud). 

4. Name an() descril)e the variems kinds of underground stems. 
Why are they not regarded as roots ?—U. 1929, 1915, 1909. 

t 

5. How would you distinguish between a tuber, a rhizome, a corm 
.a. root-stock and a napiforni root ? • Describe and draw an example of' 
each.-C. IT. 193.3, 1924, 1923. 

0. Is a radisli, a potato, an onion, or the comi, a stem structure or 
.a root? Givtt rtMisons.—C. D. 192(j 

7. Give ail account of the various forms of the stem,.—C. U. 1925. 

8. Describe the modified forms of the stem for vegetative propaga¬ 
tion. Give an example in each case with neat sketches.—rC^ U. 1932. 

(Hint : — Describe the types of underground stems as well as runner, 
■offset and sucker). i 

9. Give an account of the various ways in which climbiug plants 
4i>ttach themselves to their supports.— C. U. 1925, 1912. 

10. Define the terms citing exanudes - tunicated bulb, dichotomous 
•branching, deliquescent, excurrent, caudex. stolon, cladode. tendril, 
scape, tubers. -Ci V. 1920, 1923, 1921, 1917. 
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CHAPTKE V 


LEAVES 

■q 

I Leaves .-are laterally developed, dissiinilar ineiuber 
aiiliearing on stems or branches in acropetal order o 

succession and subtending buds in thei 
axils. The are exogenous outgrowths o 
the stem.NBy leaves we commonly under 
stand the green fiat bodies known a 
foliage le aves. Besides these leaves 
there are other types which hav( 
different forms and structures ii 
conse<juenoe of the diversity of function* 

earned on by them. They are of th( 

Fig. 50 . 

r, . 1 J fnllnWlTU* tvilAQ •- 

MA7 lAltl »• *• * 

(a) Sipec^ leaves fjr cotyledons —Thev are fount 
in seeds. 

(b) Scaly leaves— They 'are chiefly found in under¬ 

ground steins, when they are not gi’een in colour. They 
prote^it the buds situated at their axils. In bulbs, 
they also the store-houses of food matters. The scale 
leaves ipay also be found in dormant buds which they 
protsipt from the disturbances of weather, as magnolia. 
Tllpy also occur in some aerial stems, e. g. Jhan^ 

eto. . 

(cj Biiuct leaves— They may be of several forms, 
usWbUy auhlending flowbr-rbuds at their axils. They may be 
green o|, gf {other cflour, as in basak, kala, baganbfhtft, etc. 
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(cl) Floral leaves —They occur in flowers and theii’ 
main (unction is reproductive, directly or indirectly. They 
help the formation of seeds whicli is the goal of plant-lives. 
In flowering plants, the spcwe-bearing floml leaves and 
in pteridophytes all spore-bearing leaves are called 
sporophylls. 

Functions of foliage or ordinary green leaves :— 

(1) Assimilation. —Tlie green leaves absorb carbon 
dioxide from air and manufacture carbonaceous food from 
the absorbed* gas »long with the water present in 
the loaves. This takes place in the presence of sunlight and 
through the help of green colouring matters of the leaves. 

a b 

(2) Respiration. —The leaves absorb oxygen and give 
out carbon dioxide in connection with breathing. 

(3) Transpiration —They give <jut water in the form 
ot va})Our Ri)ecially in the day time. 

(4) Protection of buds situated at the axils. 

Other functions will be dealt with later in dhnnection 
with the inodiflcations of foliage leaves. 


PartB of a leaf 

There are three distinct regions of a tyiucal foliage leaf 

(1) Leaf-base or the hags.Lregicin by. wliick. Uia leaf .is. 
attached to the stem . 

(2) or petiole whicli joins the base wh h 
the uppeiti)uESflip*^f the leaf. * 

(3) Lekf-blade or lamina whieh usually fonns the 
flattened portion of the leaf. 
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LEAF^BASE 

Hy leaf-brtso the loaf is to the stem. Jt has 

various forms. It is called pulvinus when it is swollen and 
cujdiion.-like, as in tlie leaves of am, krishnakali, and 
all leaves of imttar family, siicli as, shim, hahla, kalka- 
snmJa, etc. When it forms a winged slurnth embracing tlie 
stem wholly, or partially it is called amplexicaul or semi- 
amplexicaul. This is found in the leaves of narikel, sitpan, 
etc. and many-leaves of mouri family. 

Stipules 

It 

In many plants, it is noticed that the leaf-l)ase has a 
pair of outgrowths arising from its tw^o sides. They are* 
known as stipules. The outgrowths remain separate or 
fused. The>’ vary much in size, form and colour. When 
small and memhninous, they appear functio^less. They 
may remain attached to the jdant as long as the leaves 
arc present, but in many plants, such as hot, kantat, 
katkosimfia, etc., they are deciduous, i.e. tliey f%ll otT soon 
after the expansion of leaves. 

A leaf is called stipulate, when the stipules develop ; but 
when the stipules are absent, the leaves are ex-stipulate, 
as, tidslii, dhntra. Many Dicot leaves are stipulate but 
Monocot leaves ai'e usually ex-stipulate. In kmna.rika, a 
Monocot, the leaf-base bears a i)air of coiling outgrowths 
wliich are regarded as stipules. 

Forms of Stipules. 

(1) latCTal, as id jaha, hak^ etc.^, Vheii the>" arise 

as two se|amte linear outgrowths on the tw^o of the 
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(2) Adnate, a-s in golap, when the win^^-lika outgrowths 
on the two sides of the leaf-base run up to a certain dist¬ 
ance of the petiole. 




Fig. 52. 

Adtiate stipules of tjolap. 


(3) Foliaceous or leaf-like, as in matar, jangli-matar, 
etc., when they become large and green in order to jierforra 
functions like tliose of green leaves. In Jangli-matar, the 
leaf-blade, is totally reduced to a tendril, so the stipules here 
act wholly as leaves. (See Fig. 41) , 

(4) Inter-petiolar, as found in most of the leaves of 
mngan family, as, khetpapra, kadamba etc. The leaves arise 
two at a time from each nc^e and tiie stipules lie between 
the petioles of these two opposite leaves. The four stijmles 
f)f the two leaves cohere to form two stipules, one on each 
side of the stem. 
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(5) Ochreate, as fouad in all the leaves of panmanch 
family, .as, chnkapalang^ ban-jMlanu, etc. The stipules 
form a tubular sheath or ochrea enclosing the internode 
up to a certain distance above the insertion of the leaf. 



Fig. 5:J. ■ 

kStipuloH. ft—Inier-potiolar stipule of rarufan. b- Ochreate stipule 
of pamnarieh. c—Convolute wtipulp of kanial. 


(6) Convolute stipules or bud-scales, as found in 
bot^ cmvatho,, etc. Tliey cover and protect young 

shoots and'fall off wh^n the leaves of the slioots begin their 
development. 


(7.^ S^iny, as found in habla, lajjabati, Kantagur- 
kamai, etc! #h|wi the stipules are inodihed in the form of 


s;tunds for proteetion against the attacks of animals. 



lUur, as in kumarika, when they are 
[ into'itandrils for the purpose of helping the 
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plants in climbing and thus in attaching themselves to 
their supports. 

Functions of Stipules. 

(1) Mainly they protect buds along with the leaf-base 
as, in jaha, hah. But, in kantdl, they protect the whole of 
the growing shoot. 



Fig. 54. 

Modified Ktipiiles. A—Tendrillar stipule of kuniarika. 

B —Spiny stipule of ftnWn. * 

(2) In malar, jangli malar, they are assimilatoiT, i. e., 
act as green leaves. 

(3) In babla, they i)rotect the plants from the attacks 
of animals. 

(4) In kmnarika, they help the plants in climbing. 

LEAF-STALK 

Wlien the leaves are stalked, they are called petiolate ; 
but they are sessile when no stalk •is tn*esent as, rangc^n^ 
akamJa, etc. 
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The main object of the development of iietiole is to 

enable the lamina to expose itself to suitable illumination. 

» 

Petiole may be winged, as in kamala-nebu, mhu, baiahi-nebu ; 
cylindrical, as in jafm ; flat, as in mula ; hollow, as in 
kiimm ; swollen, for storing air to enable plants to float 
on water, as in kachiiripana, niiujara, etc. Petiole, when 
])rolonged, is continuous with the ‘midrib of the lamina and 



Fig. 55. 

MtJdified pctioluH. A, A' Ligulate leaven of B—Pbyllodcofi 

Acacia, a—Lfgule. b - Petiole, c—Leaf-blade. 

is thus placed at it^ base. But in padma^ kumwl, kochoo, 
etc. the petiole is, attached about the middle of the under 

surface of the'lamina. These are called peltate leaves. 

] 

In .SomSJ Aeacias, the leaf-blade falls off during growth 
and^'in seiji/n t4»e funotkms of tire absent blade, 
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l^etiole becomes exi)ancle(r and leaf-like in forin. This is 
called phyllode. In akasmoni, one of the Acacias, usually 
[)lanted on the road-side of Calcutta, the leaf-blade is 
entirely absent. ^ 

The leaves of ffhas, dhan, (ik, etc., have sheathing bases. 

_ 1 

The sheath, which summnds the stem for some distance, 
bears a few hairy sfJructures, called ligules, at the 
junction of the blade and the base.* Such leaves are called 
ligulate. The hairs serve to prevent raindro])s from 
entering into the sheath. 

LEAF-BLADE 

This is the main ])art of a leaf with whicl) the functions 
of leaves are concerned. This is placed at the end of 
the stalk so tliat it can adjust its position in connection 
with light it is to receive for performing its functions. 
In studying the blade, the following points are to be 
considere<l 

i 

(1) Venation. (2) Apex. (3) Margin. (4) Shape, 
(r)) Incision. 


Venation. 

The fine thread-like structures which start from 
the end of the iietiole and ])as8' through the leaf- 
lamina are known as veins. They are distinctly seen when 
any thin leaf is held against the sun-light. They are 
distributed throughout the lainma in order to strengthen 
it' and to protect it from the ftiechanical disturbances 
of weather. 
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Fig. Sf). 


Eacii vein or vascular bundle consists of two parts, 
one of whicii is concerned in the ponduotion 
of raw food materials from soil while the 
other is to distribute the food, manufac¬ 
tured in the leaves, to the different parts of 
plants. The vascular bundles, present in 
the stems and roots, are conti^pohs with 
those of the leaves. 

The arrangement and distfihution of 
these veins in the different parts of the 
blade are known as Venation. 

I 

The two chief tyi)e8 of venation found Veins of jaw leaf, 
in all Dicot and Monocot leaves are (l) Reticulate and 
( 2 ) Parallel. 

The venation is reticulate, when the prominent veins, 
with their branches and sub-branches, traverse the whole 
lamina so as to form a net^prk. This is found in tlie 

leaves of jaba, hot, padytia, etc. This 
is the churacteristic venation of all 
Dicot leayfss and a few Monocot leaves 
as, kochu, ql etc. 

When the veins, large or small, 
starting frpm the end of the i)etiole 
pass through the whole length of the 
lamina in such a way that they are 
more or le$s parallel to one another, 
the venation is parallel. This is the 
characteristic venation of moat of 
&e Monocot leaves. The venation 
meto points by which the Dicots are 



Leaf of asvf4^- 


isooe^ 

ilisriii^nk h|a froqf the Monpcots. 
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Both tliese two above tyi>e8 may be pinnate or uni¬ 
costate, and palmate or multicostate. They are 
pinnate, when there is only one prominent vein, in the 
leaf, called midrib, from which branches develop and pass 
through tlie lamina. This is found in the leaves of am, 
Jcantal, hot etc. When several prominent veins arise at 
a time from the same ])r^t at the end of the [)etiole and 



Fig 58. 

Leaf venation. A—Parallel venation of kata leaf. B—Parallel 
venation of bam leaf. C—Divergent venation of 
fal leaf. D—Venation.of rerhi leaf. 

when they gd on diverging from one another to reach the 
end of the blade, venation is palmate, as found in the 
leaves of peppa, rerhi, padma, etc. 
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In palmate venation the prominent veins may be 
convergent, when they meet towards the ajKJx or margin 
of a leaf. They may be divergent, when they diverge so 
that they have no chance of meeting afterwards in the 
leaf, as many palmn, padma, etc. Divergent leaves are more 
eominon than cenvergent ones. 

Thus we find in the summary, the following types of 
venation in the different leaves ; — 

(a) Reticulate pinnate, as in am. 

(b) Reticulate palmate convergent, as in tojpat, 

kimuirika. • 

(c) Reticulate palmate divergent, as in padiiw. 

(d) Parallel pinnate, as in kola. 

(e) Parallel palmate convergent, as in (jhaa. 

(f) Parallel palmate divergent as in tal. 

Apex 

Apex of leaves may be as follows :— 

(l) Acuminate i. e., the end drawm out to a long fine 
point, as in amoaiha. 



Different q| feaLapex. a -Acuminate, b—Acute, c—Obtuse, 
d—Tilbacate^ I-Mucronate. f Betuse. g —Bmarginate. 

(2) Aci|>te> i.e., ending in an acute angle, as mjaba, am. 

ill^., with a blunt head, as in hadam, heli. 
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Truncate, i. e. ending in a Hat line as if the leaf 
has been cut across in its liead, as in some palms. 

(5) Mucronate, i. e. ending in a sharp point, as in 
nuifantam, rawjan. 

(6) Retuse, i.e., ending with a slight depression in the 
middle, as in apnrajiia. 



Different types of leaf-margin, a—Entire, b—Serrate, o—Dentate, 
d—Crenate. e—Wavy. i^Spiny, 

. (7) Emarginate, i.e., ending with a deep depression in 
the middle, as in kanchan, amrooL 
{H) Tendrillar, i. e., ending in a tendril, as in 
idMchan^al. • 

<9) Spiny, i.e., ending in si-ines, as in khejtir, anaras. 
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Margin 

Margin may be as follows :— 

(1) Kntire, i. e., with no projections, as in aswatha, hot, 

(2) Serrat#* i.e*, with iirojections like the teeth of a 
saw, as in jaba, golap. 

(3) Dentate, i.e,, with teeth-like projections at right 
angles to the margin, as in waterlily. 

(4) Crenate, i. e., with round projections, as in 
patharkuchi. 

(6) Wavy, i.e., with undulating margin, as in (lebdarii. 
(6) Spiny, i.e., with shari) projections, as in ahecUkanta^ 
kaniikari. 

Shape 

Shape of the leaves may be of the following types :— 

(1) Ac^cular, i.e., needle-shaped, as in pine. 

(2) Linear, i.e., long and narrow with margins more or 
less parallel, as in dhan, ghas. 

(8) Lanceolate, i.e., lance-shaped or much longer than 
broad and^ tax>ering at the base and apex, as in 
debdaru. 

(4) Elliptical, i.e., not so long as lanceolate but broad, 
as ta karmicha, tagar. 

(5) OI]|[ong^ i.e., rounded at the base as well as at the 

’ebB^Arutmtul, bahla. 

QN^te, i.e., broad at .the base but nam^ at th^ 

’ " ’••'V y' ' ", , , ''' , 

apes, as in jaba, aswatha. 
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(7) OB-ovate, i.e., inversely ovate, as in hatdcm^ kantal, 

(8) Cordata, i.e., heart-shaped or withtiwo bVoad lobes 

at the base and narrow above, as in p/obh, choi^ 
chupri-aloo. , ' . . 



Pig. 61. 

Di£Eerent forms of leaves, a —Acieular. b—Linear, c—Lanceolate, 
d—Oblong, e—Ovate, f - C3ordate.* g Ob-oordate. 
h—Sagittate, i—Hastate.,]*—Beniform. 
k—Orbioalar. 1—Auricalate. 

(9) Ob-cordate, i. e., inversely cordate, as kanchan, 
amroi)l. 

(10) Sagittate, i.e., arrow>shaped, as in kochoo. ‘ 
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(11) Hastate, i.e., with two lobes at the base at rifjlit 
angles to the axis of the leaf, as in kalmi, panp/ml. 

(12) Reniform, i.e., kidney-shaped, as in thankmu. 

(18) Orbicular, i.e., circular, as in padma. 

(14) Auiiculatc, i.e., with two ear-like ])rojections at 
the base, as hj akandu. 

\ 

Inoisipn or lobation 

When the lamina is incised or segmented from the margin, 
the leaf is said to be lobed, and the segments, tluis i)rodnced 
.as the result of incision, are called lobas. 





Fig. 02. 

iSegmei^ited piirtmte siinplo leaves, A, B, C compared with a 
; compound pinnate leaf. 

A—Pipuati-fld.,, B—Pinnati-partite. C—Pinnati-.seot 

« , 

In, a leaf, if S;he segmentations do not pass half 

down tfte snididb, the leaf is pitmatifid ; if more than 
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half way, it is pinnati-partite ; hut if they pass ^ nearly to 
reach the inidrih, it is pinnati-sect. Examples of ^leaves 
with these three tyiies (fid, partite and sect) of lobatioris 
(xr sefiinentations can iie ft)und in (•handramaUtka, tarnlata, 
^tnida, etc. 

Similarly when tlie leaves are palmate in venation they 

ma\ he palmati-fid, paSmati-partite or palmati-sect. 



Fig. G3. 

Segmented palmate simple leaves, A, B, C, compared with compound 
palmate leaf. D. A—Palmati-fid. B—Palmati-partite. 

C— Palmati-sect. 


when their lobationfr show the above* three types viz., fid, 
partite and sect. The palmate^ leaves of pepya, rerki^ 
6 
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hkuTBnddy bkumi-kitmrOf kapas^ efcc. with their varyiiig depths* 
of incision are good examples. 

In some cases, incisions are not so regularly observedi 
as in the above cases. Thus, in phulkapi, mula, etc., the 
pinnate leaves are incised in such a way that there is a large 
round lobe at the head, while the lower lobes are gradually 
smaller and smaller. Such leaves are called lyrate. 

r 

J SIMPLE AND COMPOUND LEAVES 

jjrA leaf is said to be simple when there is u single blade. 
A.'leaf is said to be compound when there are two or more 
distinct blades all ^^|icul^ed„to . a common stalk, axis or 
branches thereof.. , 

In the case of a simple leaf, the blade is not divided into 

^ I 

separate parts, however deeply it may be incised, but if the. 
btade is divided into uistinct separate parts, the leaf is called 
' dbtnpound, and the separa.te parts are called leaflets. The 
leaflets ipay be arranged oppositely on the raid-rib or may 
radiate from the same point of the petlole-end. 

In studying incision, we have noticed that though 
there are the gradations of Incision in . pinnate or palmate- 
leaves, they are always simple but when the incision extends, 
right upto their mid-rib or the base of the lamina^ the 
leaves are divided opr incised completely anid then they 
become edmpound with the divided parts as leaflets. 

In mopt cases, the leaflets resemble simple leaves in 
their ap^,./ imfrgin, shape, and arrangement of veins in 
them. differ flrom simple leaves in having no bud at 

present at the axil of the oompoundi 
leaflets. 
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The stipules may be present at the base of simple leaves. 
Oarnpound leaves, when stipulate, have the stipules develop¬ 
ed at their base. These stipules are found in ’kri^hna- 
churaj etc. Sometimes, stipule-like out-growths appear at 
the base of the leaflets, when they are called stipels, as 
found in the leaflets of aparajita, kal-kashunda, etc. 


Compound leaves and a branch with simple 

• opposite leaves compared 

• 

Compound leaves are oftei| mistaken for a branch bearing 
simple leaves which are arranged oppositely, as in lichoo. 
Similarly a branch, with simple opposite leaves, may be mis¬ 
taken for a compound leaf, as in amhk^^ mle, hhumi-amla, 
etc. The. main difference between them lies in the fact 
that the branch has a bud at its apex which helps its 
upward development but in the case of a compound leaf 
no such bud or growing point lies at the head, so there is no 
further upward development of the axis of the leaf. More¬ 
over, the branch bears no bud at its base but the 
compound leaf possesses always an axillary bud. The leaves 
on the branch have buds at their axils which the leaflets 
of the compound leaf do not possess. * ,- 

Types of Compound leaves 

As in simple lea,yes, the compound leaves may be either 

‘ pinnately or palmately veined. 
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(1) Pinnately compound leaves are those in which 

the leaflets are all arranged 
on the two sides of the 
common axis or mid-rib 
which is a direct prolonga¬ 
tion of the petiole, as in nhn, 
asoh^, aparajita, matar, etc. 

These leaves may be 
paripinnate, when all the 
leaflets are paired, i.e., the 
number of leaflQts on the two 
sides of‘the mid-rib is even, 
as in kalkashinda, tentul, etc. 
They may be imparipinnate 
when, besides the paired 
leaflets, there is an additional 
terminal leaflet ’ or the 
number of leaflets on the 
mid-rib is odd, as in kamini, 
belt, golap, etc. 

When the leaflets are on the first set of branches of the 
common axis, leaves are called 
bipinnate, as in habla, krishna- 
chura. When the leaflets are 
on the second set of branches, 

t 

leaves are tripinuate, as in 
sajina- ^e leaves are decom¬ 
pound vThen the divisions 
of the; axis occur 
and. .a|idn, as in mourt, 



Fig. 65. 

Bipinnate leaf of 
krUhna-chma 



Fig. 64. 

Imparipinnate compound 
leaf of malar 
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Fig. G6. • 

A—Imparipinuate leaf of nim. B - Paripinnate leaf of kalkasunda. 
C —Ti’ipinnate leaf of sajina. a -Mid-rib. b —First set of 
branches of the mid-rib. c —Branches of b. 
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(2) Palmately compound leaves are those in which 
all the leaflets arise from the same }K)int at the end of the 
common axis, as in simul. According to the number of leaflets 
arising from the axis, the leaves may be unifoliate, as nebu : 
bifoliate, with two leaflets ; trifoliate or temate, with 
three leaflets, as hel, amrul ; quadrifoliate, with four leaf- 





Fig. 07. 

Palmately compound leaves. A Trifoliate leaf of amrool, 

P—Trifoliate leaf of M. 0—Quadrifoliate loaf of 

skusmsluik. D—Bitemate leaf. 

f 

lets, as skushni shah and so on. In nebu, the single leaflet 
is distinetly articulated with the winged petiole at its base. 
]Siteniat|ie leaf is one when the leaflets of the trifoliate tyi)e 
are figaia .compounded, i.e., each of the three petioles pro* 
d|;uN»8 in |te turn three leaflets at a time from the same 
, a| in M leaves in the upper branches of the tree. 
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When the axis branehes pilmitely and on each of the 
liranches leaflets are arranged pinnateiy, the leases are called 
digitately pinnate, as in lajjahati. 

Leaves modified for special functions. 


(1) The leaf-blade^ may be extremely reduced to 
form a spine. This is to protect plants from the attacks of 
aiiaimals. Spiny character of leaves is found in plants 



Fig. 68. 

Kachuri pana with bladder-like petioles. 

mowing in hot and sandy situations where reduction of tlie 
leaf-surface is necessary, as in phani moiftsha, Tfumshcbshtj * 
shealkanta, etc. 

(2) For diminishing transpiration, i. e„ removal of 
eurplus water from the plsnt system, leaves may be needle- 
shaped, as in plm^ or covered with* hairs, as in ghas, dhan^ 
oi* coated with waxy secretion, as in ahanda. 
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(3) Leaf-blatle may be transforriied wholly or partly 
into a tendril for t!m cHiubiti:; purpose. The apex of 
the fdat-chandal leif or the upper lealletf? of matar are 
tendrillar. The stipules of kiimarika are, as we have seen 
before, modified into tendrils for the same purpose. The 
whole leaf, converted into 
a tendril, is seen in j'uujU- 
viatar where the # 4 reHri 
expanded stipules serve 
the functions of leaves. 

Here the tendrils are not 
only the climbins' orj^ans 
but also diminish transja- 
ration. 

(4) . The leaves of 

water jdants, when fioat- 
infj, may possess swollen 
bladder 4ike petioles 

which hel^ the leaves as 
well as the plants to float. 

This device is observed 
in the leaves of ktichuri- 
panit. These submerged leaves ot water-plants are usually 
much dissected, as iu smgam, jliamji, or long ribbon¬ 
shaped, as in pata nhaoln. Thus, offering less resistance 
to the currents of water in wdiich the plants grow, they 
preserve their leaves from mechanical injury, 

(5) Bo^ne fleshy leaves as of ghrita-kumari, pathar- 

t * 

kuchi^ meie provision for the storage of food and water for 
future ub 4 ; Ifor the same reason, the inner leaves of the 
buib of pup.} are fleshy. 



Fig. (Ji). 

Pitoher-pliint leaves. 
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(6) Leaves of insectivorous i»lants ^re modified into 
pitcher-like structures as in pitcher plant ; bladder-like 
bodies as in bladder wort. These modifications, as we know 
them beft)re, are for alluring? and entrai)ping insects from 
wbicli they obtain nitrogenous food wlieii they are de- 
er)mi)osed within their leaves. 


PREFOLIATION 

V 

Prefoliation incjicates the mode of arrangement of young 
leaves in the bud. This can be considered under tw'o 
heads 

* 

(U Ptyxis is the arrangement of individual leaves 
or the way in wdiich each loaf is arranged in itself. 

(2) Vernation is the arrangement of different leaves 
in the hud, in relation to one another. This arrangement is 

clearly iinderstof)d on taking a cross section of the bud. 

N. B. Thero is some controversy over the use of atibire two terms. 
Some in chicle ptyxis in vernation, while others use them separately, 
lliere are others who use only vernation. 

Ptyxis may be folded or rolled. 

Folded ptyxis occurs in the following types 

1. Conduplicate, when one half of the lamina folds 
iongitudinaUy over the other, as in kmichan^ peyara, etc. 

I 

2. Plicate, when there are many longitudinal foldings, 
of the lamina, as in tal. 

3. Reclinate, when the upper half folds over the 
low'er, as in patabahar. 

4. Crumpled, when the foldings are irregular and in 
all directions, as in bandfuc kopi. 
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Eolled ptyxis oocta in the following ty|^s :— 

1. Circmate, when the lamina if rolled from the apex 
to the base like a dog-tail as, in ferns. 

2. Convolute, when the lamina is rolled from pne 
margin to the other, as in Kola, stvarba-jaya. 

3. Involute, when the lamina is rolled from both the 
margins towards the mid-rib on the^apper side, as in padma, 
kochu, saluk. 

4. Revolute, when the lamina is rolled, as in the case 
of invouIut|, hut the rolling is on the lower side, as in 
Scarabi, gandkaraf 



Fig. 70. 

and vernation of leaves, a—Ck>ndi;iplicate< b - Plicate, 
c—Ciroinate. d-Convolute, e—Involute, f—Revolute, 
g—Valvate. h—Imbricate, i ~ Twisted* k —Bquitant^v 
i J—Half-V»quitant. r—BecUnati^^ >, 

j < 


(2) ^erriation occurs in the following ways :— 

1. ^ 'Vptvj^^ when the margins of the leaves ih' the 
bud tducli each other but do not overlap. 

wllen the margins of the leaves 
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3* Twisted oz^contorted, wheo on,| m&rgin of each 
leaf is placed inw^da and is thus ovotlapped while the 
other margin is jtla^ed outwards and, thus overlap the 
margin of the neighbouring leaf. 

4. Cquitant, wh^ the margins of one conduplicate 
leaf are within those yf^nother» as in dashbaichandi. 

5. Half-equitaift,^hen one margin of a conduplicate 
leaf is placed within Uie margin* of a neighbouring con- 
duplicate leaf, as in «on>e kinds of gha^. 

These terms are gei^rally applied to the a|rangements 
of floral leaves which vi^ll be dealt with later. 


phylLotaxis 


Phyllqtaxis is th^ way in which leaves are arranged 
on the stems or branches. There are certain laws which. 

govern this arrange¬ 
ment or distribution of 
leaves. It varies in 
different kinds of plants. 

The significance of 
phyllotaxis is that the 
leaves are placed on the 
• different regions of 
stems or branches in 
such a way, that they 
can enjoy the sunlight 
as fully as possible in 
order to perform their 
functions which are always impossible without light. 



Fig. 71, 

Alternate phyllotaxis of a bot shoot. 
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There are three klbds of phyllotaxia ;—, 

(1) Alternate, in which a si riffle le|Lf arises at a node, 
as in hot. 

(2) Opposite, in which two leaves arise at a time from 
a single node, as in tnls/. 

(3) Whorled, in which more :;hiin two leaves arise at 
a time from a single node, as in knrthi'. 



Fig. 7‘i. 

Wbotied phyJlotiaxiH of knrabi loavuh. 

A^emat^ or spiral phyllotaxis. 

This ‘is also called scattered as leaves seem to he 
arranged^ ^acatteredly though, really there are some taws 
which'cockrol the phyllotaxis. The following laws seem to 
be vhry irAeresting to follow :— 

the lAives are never on one side of the stem. 

iV’ !' 
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(b) An iiiaj^inrtry line, conneclJn^i' th^ successive leaf- 
bases, becoiH?s continuous and winds Hyniiiifitfically upwards 
round tlie stem, like the thi-tmds of a screw. This is 
called geiutic spiral.’ 

(c) Vben sevcnul imaj*iuary vertifal lines called 
orthostl/hl^s drawn on the stem i>aising throuii?h the 

I 

leaf-bast^, all the leaves (fti the sterii are foLind to lie on those 
linos. iccordiuK to the 
riumbei <)f orthosticbies 
on tfie stem, the 
arranj^h>‘^'iif' ,niay be 
disticb^tis, >vhen two ; 
tristicj^bus, when t hree, 
pent»tichous, when 
five octostichous, 
whf'i eight and so on. 

d) The ortbostichies 
n.e always equidistantly 
■laced, i.e., they divide 
tlie circumference of 
/the stem into as many 
parts as the number of 
orthosticbies. 

/ \ rni I- i Orthostii'hies iy altematu phyllotaxy. 

fe/ ihe distance A -Distichous arraugament. B Tristi- 

on tl^e circumference ohous arraugement. C-Pentasti- 

chous arrangement. 

of the stem between 

any two nearest leaves is known as divergence, or 
circumferential distance. 

(f) The angle, subtended by the divergence at the centre 
of the stein, is called the angle of divergence or angular 
divergence. 
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Divergence may 1>e determined practically by the waotion ot the 
circumference of tie btem‘, the numerator of which Represents the 
riumber of turns the spiral travels starting from any ^f and then 
reaching another l«af vertically above the starting lea^, while the 
denominator represents the number of orthostichies on\ the stem. 
Angular divergence it measured in degrees and is equal td divergence 
of the entire angle at the centre. Thus, if n is the numbA of turn a 
of the spiral, and o tke number of orth^^stiohies, then th^ aaigle of 
divergence is equal to nfo of 300°. ' ' 

I 

Thus in distichous arrangement, the odd nuiiber of 
leaves is placed on one orthostichy while the even lumber 
on another orthostichy. The divergence is i a|d the 
an^e is i of 360“ =180®. This is ftund in the \»la{it8 of 
(jhas family as well as in dtdal champa, amloJci, etc.* 

In tristichoixs arrangement, the leaves numbehd 1, 4, 


7. 10. etc., are on one line, those numbered 2, 5, 8, etc 



: Fig. 74. 


are on the second, vhile 
those numbered 3, 6*9, 
12 etc. are on the thrd 
line. As the spiral, staz. 
ing from the first leal 
travels once round th^ 
stein to reacli the fourtii' 
leaf which is vertically 
/ above the first leaf, the 
divergence is il and the 
angle is divergence I of 
360®. i. e. 120® This is 


Phyllo^xy represented in circles. found in the plants of 

A^, 

i In peiita-stichous arrangement found in many Dicot 
ants. |s, iaba^ dhanras, kapas, jmli, sal, etc., the leaves 
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are on five orthostichies. The spiral here travels twice 
round the stem, when it starts from the first leaf and 
reaches the sixth leaf vertically above the first leaf. Thus 
the divergence is i, and the angle is i of 860®, i. e. 144®. 

In the same way, in octostichous arrangement occurring 
in apang, morogphul, etc. the divergence is #, and 

the angle is 135®. The fcexb higher ranks, found in plants, 
are etc. 

In twining plants, as the orthostichies are not vertical 
hut twisted, the phyllotaxis is then called parastichous. 



Eig 75. 

Opposite phyllotaxT A and B Decussate Te'^ves bhowitog 

difierent positions. 

s 

Opposite and whorled phyllota^s. 

There are two laws which govern the anrangement 
(a) Whatever may be the number of leaves at each 
node on the stem, they will be placed at an equal distance 
from one another. Thus,'when the number is twcH they will* 
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•divide the circumference of the stem equally, and at each 
•division tliey will be placed. This law is applicable to all 
leaves which are in the same node. 

(b) Leaves of any node may be placed immediately 
above or below the gaps left between the leaves of the nodes 
Jiext above or below. Tims when tlie leaves are opx)osite at 
any node, tliey stand at right angles' to the next higher or 
lower pair of leaves. This arrangement, found in akanda, 
tulsi and kalmeijU families, is called decussation and the 
leaves thus arranged arc called decussate. All jiairs of 
leaves of any tw'o odd numhers of nodes are parallel to (^no 
another. Similarly, all pairs of any tWi) even number.s are 
parallel. But when a jiair of any odd number lie comjiared 
with that of any even number, tjiey are found to he at riglit 
angles to each other. This law, applicable to all opposilts 
leaves of the different nodes, is also followed by the whorled 
leaves of korahi, chhatim, etc. • 

Opposite leaves, not aii’anged decussately, ai-e sometimes 
placed on two vertical lines on the stem, so tiiat tlie jiairs 
are all parallel to one anotlier. They are known as super* 
posed, as found in peijant, llanuomi creeper, etc. 

LEAF-MOSAIC 

We fftid that in every ])iant, leaves are arranged on the 

e 

stem following certain definite rules in order to prevent 
overlapping and to secure the maximum amount of light. 

To secure further economy of space and materials and to 
utilise as; much sun-light as possible, leaves of the same 
plafit am even on the same branch may vary in their 
,^ati^. |nd' sizss so as to fit into each other without 
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<)vei'lai)i>in#| like the hits of ^'lass in a mosaic, to,present a 
continuous leafy surface. This phenomenon is .known 
as leaf mosaic. Tliis is clearly observed in kriahnukalt, 
{ivirool, Jaha, toonth^ etc. 

HOMOLOGY AND ANALOGY. 

Having described the different members, as roots, stems 
and leaves, we are now^ to consider the similarity and 
jlissimilarity of members. Members, which are morpho¬ 
logically similiar i.e., ^M^hich are similar in their origin, 
position and development, are called homologous. 
They may serve different functions, so they may be modified 
rlifferently and thus assume different forms. In other words, 
Jjomologous bodies are similar rnorjihologically but may be 
<liff'erent pliysiologically. Thus, tubers of aht, rhizomes of 
hat ml, bulbs of piaj, runners of amrul, thorns of hel, 
tendrils of jluimkolata and claclodes of phaniniannha are 
liomologous with stems, whatever be their fonris. They 
are ail homologues of each other, as tliey are of 
similar origin. Similarly, cotyledons, scaly leaves of 
underground stems, bracts, floral leaves, sporophylls of 
pterido[)hytes, spines of jihani-mannha, tendrils of mmhnr- 
chana and pbyllodes are homologues of each other, as they 
arc homologous with leaves. 

On the other hand, members which are similarly 
modified in their forms to perform similar functions 
but are different in their origiii and development, are 
called analogous or they are analogues of each other. 
Analogous members are physiologicalfy similar though they 
difTer m n'jil'iplogically. Thus the tendrils of ulat-chamhil, 
.. 7 
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and those ef harjora are not homologous but analogous ; the 
spines of teshird-mansha and thorns of moynakanta are 
analogous. In the same way, the tubers of chupri-alUt and 
those of ranga^aln are analogues of each other. 

Summary of Chapter V 

r, 

1. There are different types of leaves besides foliage leaves. 

(1) Cotyledons, (2) Scale leaves, (3) Bract leaves, 
atid (4) Floral leaves. 

2. The normal functions of leaves are (1) Prot^tion of buds, (2)* 
Assimilation, (3) Respiration, (4) fi.'ranspiration. 

8. A leaf consists of (1) leaf-baSC, (2) leaf-pCtiOlC and (3) 
leaf-lamina. 

4. Leaf‘base may be pulvlnus,' amploxlcaul or seml-amplext- 
caul. 

•>. Stipules are outgrowths at the base of a leaf. Leaves may be 

Stipulate or exstipulate. 

6. The forms of stipules are :— u) Free lateral, v^) adnate (3) 
FbUaeeous, (4) Interpetiolar, (5) Ochreate (6) Convnlute, 
(7) (^piny, (8) TendPil^aF. 

7. Leaf is sessile, when the petiole is absent. When the blade is 
absent but the petiole is well-developed, it is phyllode. Petiole 
being fixed about the middle of the blade, the leaf is peltate. 
The leaf is ligulate, when hairs are developed at the junction 
of the blade and base. 

8. Venation of leaves may be parallel, reticulate, pinnate 
a!b^ palmate. 

9. Ajiex may be ( 1 ) Aoumlnato, (2) Aoute, (3) Obtuse, U) 
T^uneate, (5) JMueronate (6) Retuse, (7) Emarginate 

^endrUlar, Spiny. 

10.. iw^ln ia&j be ( 1 ) •Entire, ( 2 ) Serrate, (3) Dentate, 
(4i ^^ate, (b) Spiny. 
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Obovate. (s) Cordate, (9) Obeordate, (ip) Sagittate* 
(11) Hastate, (12) Renlform, (13) Orbicular, (U) Auri- 
culate. 

lii. Incision may be lid, partite, and sect. 

13. LeaveH may bo Simple or compound. The blade of the simple 
leaf is not divided down to the mid-rib but that of the latter is 
cut up in separate or distinct parts called leaflets. 

14. Compound leaves may be pinnate or palmate. Pinnate may 

bo paripinnate or imparipliinate, biplnnate and tri- 
pinnate. Palmate may be bifoliate, trifoliate, etc. 

lls. Leaves may be modified into tendrils, spines, diSSeCted, 
rlbbon-fjhaped, fleshy, bladder like, pitcher like, etc. 

IG. PtyxiS is the arrangement of leaves in the bud This may be 

(1) Conduplicate. (2) Plicate, (3) Crumpled, (4) Clrcl* 
nate, (5) Convolute. ^ (c) Involute, (7) Revolute. 
Vernation may be (i) Valvate, (2) Imbricate. 
(8) Twisted, (4) Equitant, (5) Half-equitant. 

17. PhyllOtaxiS is the arrangement of leaves on stems. This may 

be alternate, opposite or whorled. The imaginary spiral 
connecting the leaf bases is the genetic Spiral. The vertical 
lines on stems on which all loaves are placed, are orthOStl- 
ChiCS. Divergence is the distance between any two 
neighbouring orthostichies. Angle Of divergence Is the 
angle of the divergence at the centre.' According to the number 
of orthostichies, alternate phyllotaxis may be dlstiohous, 
tristiohous, pentastichous, and so on. When the leaves are 
opposite and when the successive pairs are at right angles 
they are decussate. Leaves are superposed whe|L they are 
opposite and on two lines. * , * 

18. Leaf mosaic expresses the variation of shapes of leaves when 
they are to catch scanty amount of light. ‘ 

19. Homology expresses the ]!«semblance existing between the 
plant-members^ agreeing in their origin and development, 
while analogy expresses the resemblance in their functions 
and forms. 
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Exercise V 

1. Wluit nr<! tilt! Horn ml fiiimtions of leuvos ? For what othor 
purposes leaves may be utilised ? - C. U. 1!)J7. 

(Hint: — Statu other fuii<;tiot)s of lt*aves, page ST). 

2. What are stipules and how may ('hey be modified - V. 
llfOi). 

.‘3, What is venation and W'hat are its prinuipal forms V What are 
the fiuictious of the system of veins ? Illustrate your answ'er w’ith 
sketuhes. -C. T. 1920, 1918. 1911. 

4. (rive an acjeouut of the different forms of loaves^ and the vanous 

types of apices in them—C. 1927. * 

5. Describe the different shai>os of the lamina of leaf, (riv*' 

examples* C. U. 1920. ^ 

(». Describe the various parts of a leaf and enumerate, with e.x- 
amples, the various modifications that leaves may undergo. —C. L'. 
1928, 1919, 1918. 

7. Define ii simple and a cf>mpound leaf. Clearly point out the 
main differences between the two. Descrila? the types of eom{>ound 
leaves and give examples. - C. C. 1932. 1924. 1922, 1919. 

8. DistTnguish hotween vorultion and aestivation. Describe the 
principal forms of each.—C. L’. 1933, 1929. 

Hint Vernation is the arrangeiiient of foliage leaves in the hnd 
while aestivati<’n is the arrangement of fif)ral leaves in the bud. For 
the forms of aestivation consult the chapter on flowers. 

9. (rive a short jiccount of the arrangements of the leaves on the 
stems aud, branches. What are leaf moviios ?-C. TT. 1921, 1923, 
1915, 1910. 

(Hint;- F.or the first part, explain the different types of phvllohixis), 

10. Write .^irort notes on r-mneronate leaves, piunatifld, {ndtati? 
leaves, oclire^tte* and interpetiolar stipules, distichous phyllotaxy, 
pulviniTR, si^plexicaul, dtaiu.ssnte'leaves.-*C. U. 1923, 1921, 1920, 1919. 
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INFLORESCENCE AND BRACTS 
Inflorescence 

We have seen before tliafc all rtowerinf,' plants hear two 
(litt'erent kinds of shoots, viz. vegetative shoot and repro«| 
ductive shoot. When tlie vof^etative organs of a ])lant are! 
fully developed, the time now comes for tiie plant to serve! 
the next most imi)ortant function, i.e. reitroduction.* 
Reproductive organs develoj) ^n the forms of dowers W'hich 
are specially modified shoots. The reproductive shoot 
may bear a single flower or may form a branch system 
hearing a large number of flowers. This Iminch system pro¬ 
ducing a t5luster of flowers f)n it is known as inflorescence.) 
It is thus a collection of flowers developed on a common axis 
or branches thereof. Ijike scflitary flowws inflores^Sbnce may) 

..—I.."'-'-'.- ^ ^ 

1)6 terminu l when it is at the head of stems or branches. 
It is axillary ■ when develoi)ed in the axils of leaves.. 
Solit;iUxilow.ers.jiPiLy.he,,.rci5ar^^^ aa,. reduced inflorescences 
:n whieli the main axis is unhranched and only one flow'er 
develops .ou tlie axis. 

Parts of the inflorescence. 

The main axis, l)earing a single flower (jr a number of 
flowers on it, is called the peduncle. When the peduncle 
branches, each of tliese branches on which individual flow'ers 
are directly seated, is called a pedictel or jutjilk. Flowers 
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with Buch BtalicB are called pedicellate , as in Harishu, mlm, 
etc., wiiile titev are sessile when their stalks are absent, as 

„ I 

in apang, kocfioo, ©tcTThat part of the axis, which supjKirts 
f the branch system of flowers and which is in continuation 
with the peduncle, is called rachis. The raohis may he 
elongated, flat, concave, convex or in the form of a solid 
fleshy liead, as in kailamha, surjami^^hi, etc. 

In underground stems and acaulescent i)lants, an elonga¬ 
ted rachis rises u]> to hear on it flowers and fruits. This 
jis called a scape, as found in puij, raianigandha, hhmni- 
' chmnpa, etcT^' 


Chief types of Inflorescence. 

The two chief types of infloi^esceiice are :— 

(l) Racemose and (2) Cymose. T)ie branching of 
an inflorescence follows fundamentally tiie same laws of 
development as found in those of the vegetative shoot. 

Racemose inflorescence. 


As in racemose branching, so in racemose inflorescence, 
the main axis is stouter and longer than its lateral branches. 
The rachis goes on growing upwards and as there is no 
knowing when the growth of tlie rachis will cease, it 

becomes much elongated. Owing to this indefinite and 

< 

unlimited j^owth of the raolns, racemose is also known as 


Tihe side-branches develojied from the rachis 
produce in acropetal order of succession, i.e. the 

older flewps , are at the base and the younger flowers are 
ai tJ|6 epdi. ; Flowering thus begins from the ba?^ and 
it«dA''g4)^jt)|0 aiiex.'-. 



INFI/OHESCKNCE AND WUCTS 


10 » 


In some cases, rachis is short and fleshy and becomes 
flat, concave or convex, when the flowers on it develop from 

the circumference towards the centre. So the oldest 
flowers are at the j)eriphery and tlie youngest ones are at 
the centre. The opening of the flowers, here, is thus not 
frr)m the base to the ajiex hut from the circumference 
towards the centre, i.e. centripetal, as found in mrjamvkhi, 
iffm/la, etc. 

a 

Cymose Inflorescence 


l!i Cymose types, the mother axis ceases to grow when 
it produces daughter axes. These, too, in their turn cease 
to grow when they produce their branches and so on. 
The terminal part of the floral axis always ends in a flower, 
so that, the axis has a limited or definite growth. For this 
reason, cymose is also known as definite. As the terminal 
flower here opens first, the older flowers are in the middle 
while the younger flowers are at their sides. The order 
of development is thus centrifugal, as in jni, tnUi, etc. 

Racemose and Cymose tsrpes compared. 


RACEMOSE. 

1. The growth of the inflorescence 
is maintained by the primary' 
axis. 

2. Lateral branches do not grow 
so vigorously as the main axis. 
Main axis usually elongated. 

4. FIowoHih; apmetimes ccintripe- 
tal but always indefinite, 

9. Axis ihnho^dial 
single-footed. 


CYMOSE. 

1. The growth of the inflores¬ 
cence is maintained by the 
development of successive 
branches. 

%. lAterai' "branches grow as 
' vigorously as the main axis. 

3. Main axis shortened. 

4. Flowering centrifugal and 
definite. 

5. Axis sympodial i. e. jcint- 
footed. 
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Advantages of Cymose tsrpes over Racemose types. 

( 

1. It is often asHerted that cynioSe types have been 

K ' 

derived from the racemose types. 

2. In many racemose types, flowers open within 
a short period, and if the conditions for jiollination he not 
favomublo, there is no chance for t‘he production of fertile 
seeds : but in cymose typos, as thi.> lateral branches d'eveloiv 
one after another, flowerinj^ is not simultaneous. 

3. In racemose types, the flowers as well as the 
fruits are on the ex[)Osed surface. This is a danger specially 
in the case of young succulent fruits. Ir\ cymose types, 
when the flowers open, they are exposed but wdien their 
fruits are formed tliey remain safe withiTi the branches. 

4. Jn racemose types, when the ai)ex of the elongated 
rachis is injui'ed, the power of producing flowers is lost for a 
time, while in cymose types, the injury at the lieacl of the 
main axis means the loss of a single flower only. It rather 
stimulates the vigorous development of lateral axes. 

P'C'RMS OF BACKM08E INFLORESCENCE. 

.A. Rachis elongated. 

1. Flowers pedicellate. 

(a) Raceme. —This is the typical fonn of racemose 
inflorescence. The rachis goes on growing indefinitely 
producing flowers in acropetal order. Thus flowering is from 
the hase ^o thc*a})ex. This may he simple, when the rachis 

t 

, is unbrailehied. as in sariskct, matar, krishnachiim^ atashi. 
etc. .Thls^ may be compoimd or panicled, when the rachis 
i)ee<jwe8wanehed and flowers arise'ateroi)etaiJy on each f)f the* 
>bi*^ndb(e4AsJn am, lickn, she(/im. 
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(b) Corymb." -This aj^rees with raceme closely but tlie. 
IMxJicels are longer and longer towards tlie base*of tlie raohis, 
so that all tlie flowers are brought to the same level. This 
is simple, when the jiedicels are directly on the unbranched 


rachis, as in hurhiiria, khet-papra, etc. This may be 
compound, when tl»e ])edicel 8 are 90 the liranches f)f the- 



Types of Racemose Infloresceiiee. 

A - Simple raceme. B—Compound raceme. C—Simple spike. 
D - Simple corymb. K--Simple umbel. F—<’iipiLnlnm. 


2 . Flowers sessile. 

(a) Spike. —This differs from the racemose form in this^ 

only that the pedicels are absent. .This is simple or 
compound, according as the rachis is unbranebed or 
branched. Apang, palong, kalmeg, kantanate, eto:i are the 
examples of spike. * 

(b) Spadix.-r^This is a spike ijj^ut its thick axis, bearing 
usually male flowers above and female- flowers below, is- 
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•covered by n lai^e fleshy or woody bract called a spathe. 
Kochoo, kola} rmrikel^ are examples of spadix. Like spike, 
Ihis may'also be simple or compound. 



Fig. 77. 

Spadix of Itochu without 
apathe. sf— Sterile flow¬ 
ers. mf —Male flowern, 
ff—-Female fiowers. 


Fig. 78. 

A—Male and female catkin of pituli. 
B— Spadix of kala. 


(c) C atkin .— This is a long and pendulous spike 
•oon8isting’§7™any unisexual flowers. The. male catkin 
|consiBt8 of< male flowers only, while in female catldp all 
the flowe^ are female, as found in tal^ pituli, pan, etc. 

j . B. Rackis shott. 

i rf'' wi ^ 

'-^When the* i>edicels arise from the same 
po^nt^qf;, r^his and ^are of nearly equal length so that 
i^|t eqnt|^p6tal it is called an imbel, l^is is 
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simple, when the pedicels arise directly on the short raohis, 
as found in piaj, halshi, etc. It is compound? when the 
pedicels are on the branches of the rachis, as found in 
ahukhadat'shan, moitri, dhania, etc. 

(b) Capitate. —In this case the rachis is very short and 
from one point at its head, many sessile, minute flowers 
arise, as found in baHa^ l%jjahati, etc. , 



Pig. 79. 

Hypanthodiura of Itot. 

A—Inflorescence B—Male flower. 0—Female flower. 

C. Rachis in the form of a receptade. 

(a) Capitulum. —^On the rachis, wliich is flat, convex or 
headlike, there are many small, sessile, braeteate and much 
crowded flowers developing centriiietally. The bale of the 
fleshy rachis is surrounded b>« one or several whorls of 
bracts forming an involucre. Usuj^y, the flowers on the 
rachis are of two types—those, which are at the periphery 
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called ray florets, are more c()nsi)ieuous than those at the 
centre called disc florets. Tliis is found in aarjamukki, 
kukursorlka, nanchi, etc. ( Pig. 82 ) 

(b) Hypan^pdium. Here tlie rachis is fleshy, hollow 
|and more f>r less cup-shaped witli a small opening at the 
/|top. The minute sessile flowers arise over the inner wall 
'of the rachis, as found in aswaiha, etc. (J’is. 79) 

N. H. Stnotly speaking, tlu* mrtimo.se dovolopmont of thr Horots ia 
hypauthoditiin is not so clt'af. 



' Forms of Cymose Inflorescence 

S'. » 

1. *^iparou5 or monochasium. —This is a cyme, 
where secondary axis occurs at each branching and 

'»ljers.;^h 'suoqpsftive.'axis terminates in a flower after 
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riso to a (laufilter axis. This may be helicoid, 
when all tlie lateral axes are always on the same aide, 
either ri^^lit or left, ft is scorpioid, w'hen the lateral 
axes are develoi)ed alternately on the rij^ht and left. In 
helicoid, the axis formed by the successive branches 
curls in the manner of a helix, but in scorinoid, the axis 
assumes a Hatishoor, hauhnahena and some 

plants of (UiHtra family show uni parous cymes. 

2 , Biparous or dichasium. —The main axis at first 
ends in a flower and below it arise twf> fork-like latei-al axes, 
each of which .behaves like the ])rimary axis and bears two 
lateral axes in its turn and so on. This is found in jut, 
Jtfl-bharen-fJa, nhentu, etc. 


.*1. Multiparous or pq]^5rcb.a.9illl*V—This agrees with 
the dichasTui^)ut the number of lateral axes is three or 
moi’e than three. The three branches are found in jthfiilL 
When many branches are developed, it looks like an ilfnlTN^; 
hence to distinguish it from the true umbel this is called a 
cymose umbel as in ranuan. The brandling here is from 
the centre outwards, as found in ahmdn. hhanh-barnuia etc. 


Special forms of inflorescence 

1. Verticillaster. 

. At the axils of the opjiosite and decussate leaves, whorls 
of flowers sometimes arise. Each whorl consists of many 
sessile flowers which are crowded at the node and develop 
centripetally. Thi^i^is known as vertiHllaster, as found in 
dhrotie, (fhai-ghasi, etc. 
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2. Cjrathium. —This peculiar inflorescence is embraced 
within a cuj3-^a^)ed or boot-shaped involucre in the 
centre of which lies the solitary, stalked and hracteate female 
flower surrounded by many bracteate stalked maFe flowers. 



A—V^rtioillaater inflorescence 3--Cyathium inflore» 
>: b -Bract, g -Gland. mf—Male flower, 

ff —Female flawer in the centre. 



e. 


* - 

JFrom the of the involucre, glands usually appear. The 

whole sjjruofciire hKiks apparently like a single flower but eacli 
i male Ad^ei^cipiisists only of one male organ (stamen). Thk^ 
, V' iR:' i^papa, rmgckita, ' teshira-nmmha, ' mtpkta- 
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Bracts 

/ Bracts are modified leaves at tlie axils of wiiich flowers, 
solitary or in clusters, originate in the form of flower-buds 
and are thus protected. They vary much in size, form and 
•colour. They may rise singly or in clusters. 

Flow'ers are called bracteate vvl^en they are in the axils 
•of l)rActs, as in jaha, ffhani(u Hurjarnnkhi. Flowers are ebrac- 
teate when bracts do not develop, as in dhntra, beuoon, etc 





Bracts. iJaganbilas flower. 

Sut-Jamukhi i,'V, »ection ). pb—Pedrebid 
bract. p] — Palea. inv—Involucre. 


Bracteoles sir© yei’y snjall, leafy bodies developed on pedicels 
between the ^wei* aad bract. 

jn|.y be deciduous when they fall ofl' at the time 
of Jfehe oii©OTb|3t^ilowers or perslSte^, wmen tney reujain 
•evfeb M oSWlowers* as 
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Kinds of bracts. 

1. S^the.- -This lar^^e bract is w(X)(ly or flashy and 
embraces tbe whole inflorescence. It is fleshy in kochoo, 
kola, etc., hut w'oody and boat-shaped in kkejoor, narikel, etc. 

2. Petaloid bract.--When the flowers- are small and 
their ])etals are absent, the bracts may become coloured 
and petal-like. In IM-pata, they are large, scarlet- 


red and leaf-like bodies 
arising in a cluster at the 
base of tlie inflorescence. 
In haipm-hilaah, the rose- 
colt)iired bracts are three 
in number and each hears 
a tube-like flower at 
its axil. 

3. Epicalyx.- -This is 
a w'liorl t)f green bracts 
situated just at il:e base 
of the flow'er, as found in 
jaha, kapas, etc 

4. Iiiv9lucre.—This 
is also a whorl of bracts 
surrounding a cluster of 
flowers. This is found in 
all tbt flowers oi dhaniya 
family, where the bracts 
at the base of the chief 
floral branches form the 



Fig. 84. 

The compound umbel of dhmiia with 
involucreft. a—General involucre at 
the base of the floral branches, on 
tach of which partial involucre is 
formed, b- Sheathing leaf-base. 


general involucre of the umbel inflorescence, while the 
snmTS bracts in a %horl at the * base of the pedicels 


of any branch form partial involucre or involuce. 


8 
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The bracts in one or several whorls, free or fused, are 
found in the flowers of surjamuicki family. 

5. Paleae —These are thin scaly bracts subtending the 
individual florets of dhan, s^rjamukhi, etc. Glumes are 

thin chaffy bracts found m the indoreseence of ghas family. 

/ 

Functions of bracts. 


1. When green, they act as assimilatS^ry organs. 

2. They protect usually the flower*budg or whole inflorescenci^ 
from the loss of heat and disturbances of weather. 

* 3. When coloured, other than green, they act as petals. 

4. When scaly, they protect flowers as well as seeds from the 
ks of the insects. « 

Tabular summary of bracts 

Bracts 




Spathe 
as. Jcochii 


Petaioid 
as, Inlpata 


Kpicalyx 
as, jaba 


Involucre Scaly 

as, dhania { 

' (1) Palea< 
as, dhan 
(2) Glume 
as, ghoH 


Exercise VI 


1. What is an inflorescence ? Describe the various types of 
inflorescences.—C, U. 1932, 1922, 1917. 

2. Describe the typical forms of indefinite inflorescence giving 
familiar examples in eao||||»se. —1916. 

3. Describe, with digrams, the inflorescence of wheat, baflaha, 
fi g - mustard surjamukhi. Explain the object of the inflotipficenoe 
ot sti^jdfnukhi.'hQ* U. ,1923, 1922,193.6, 1917. 

(Slflt the second pkrt, the flowers Iwing minute, they are 

aggiegeted ihl W ,, ififloresoehoe to make it conspicuous to the 
poUinibtinginsIctil^^ Th9 ray-florists attract iH3:>otg to effect polline^n 
at the disc.>florets) 


CHAPTER VII 


4 FLOWER 

Parts of a flower. —A flower is a shoot modified for 
the purpose of reprcMiuokion, Tlie axis of the shoot, on 
^^liich floral leaves develop^is known as thalamus, some- 
times termed receptacle. On it the floral leaves are 
inserted, usually in distinct whorls. 



f)huira flower. A—Full flower, B— Cor6llayiiih b 
attached. C - Gyneciufa. 

tJsually a flower has four wtiorls of leaves, developed on 
four nodes. In a common flower, such as *dhutra^ padma, 
hamini or simul, the first whorl, arising from the first node 
of the thalamus, is known as calyh. The leaves of ealyx 
are called septfls. The second whorl is corolla, the leaves 
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of which forming the whoi'l are petals. The third wliorl 
is androecium consisting of modified leaves, called 
stamens. Gynecium or pistil, tlie last whorl, is formed 
from tire modified leaves called carpels. 

Each stamen, again, consists of three parts, of which 
the stilk-like part is called filament. 

This hears, at its head, two hags^called 

pollen sacs hn-ming anther. In conti- h ^ t i| 

nuation of the filament there is a short ^ f ^ 

stalk connecting the two pollen-sacs of 

the anther. This is connective. The ^ 

likgs contain many minute grains called 

pollen-grains 

Eacli carpel is differentiated into 
three parts, of which the basal swollen ^ 

part is ovary. There is a slender tube 
at the head of tiie ovary. This is the 
style. The round body at the head Pijr. s6 




of the style is stigma The, ovary 
contains within it one or more dobular 
bodies called ovules. 

^To prove that flower is a shoot. 

fr '#11^011 mriift '‘-•if*.., A-g ‘ » ) 

1. The'* floral axis or thalannis 


consists of node¥. and internodes. P*’**^- e—TiiahimuK. 
Leaves aris6 in whorls or spirally from the nodes. 

^ 2. Flowers osiginate in the form of flower-buds from the 
axils of bracts ,which are the special leaves. 

^ r 

^ 3. Tha: development of floral leaves in the different nodes 
<jn the axisioocurs in the same way as in ordinary shoot. 

4. ' Th,tl arrangement of floral leaves on the thalamus is 
goVettte^:b|^^ the orSinary, laws of phyllotaxia. 


Pig. 86 

Diagraiiirnatic iv- 
presei)tatlf)M of the 
parts of a flower, a 
calyx of 0 .sepals, b ■ 
corolla f)f 5 petals, 
o --ATulrotujium of 5 
stamen .s. d Oyne- 
cinm fomiefl of car¬ 
pels. e —Thalamus. 
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T). Thoii'^h th3 leavea on the different node^i differ in 
t(ji‘ins and functions, they are, in some cases,; conyertilde, 
i. e. the leaves of one node are converted into tliose of 
anotJier, or may show jfradiial transition as in mrha-Jaya, 
iiadma, slinlook, rajnni-fianda, etc. 

^ (). The terminal and axillary buds, common in \eget&‘ 
tive slioot, are as a rid^ absent in flowers but there are 
liases where such buds may develo]) as found in some golap, 
pepya, batapi-nebii, etc. The flowering axis giving I’ise to 
a leafy slujot can be seen in hogla, anaias, etc. 

. 7. The floral structure becomes compact- due to the 
sii|)i>ressiou of their successive internodes. Such suppressicM 
internodes is also noticed in some shoots. 

Functions of floral payrts.- oepals are usuailv green 
in colour; so they perform the lunction of assimilation. 
They also protect the otlier whorls of flo\\ers when un¬ 
developed. y ^Petals are usually variously coloured and 
l)erfumed. Tliey thus attract insects or other agents for 
pollination. Like sei)alK, they are also protective^Jl^ 

The main function of a flower is production of seeds. 
As sepals or petals indirectly help the production, they 
are usually known as non-essential organs. On the 
other hand, stamens and carpels are caUed essential organs 
as they arc directly concerned with the imHiuction 
of seeds. 

v^lie filaments of stamens are to hold out tlie anth^'S in 
such a ])ositiot> that the latter are well exposed to the polliha- 
ting agents.^^he anthers are to^produce the pollen which 
the pollinating agent| carry. ^ Similarly, ^he style of 
the carpels is to hold out the stigma to the iiollinating 
agents so that the jK)llen has the chance of ‘being deposited 
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thei’e^^tigma ie meant for receiving the i>oUen, hence this is 
s known as the receptive spot)^vary is for developing 
within it the ovules which are the future seeds of plant^ 

Non-essential organs.'~^n many flowers, specially 
nionocots, the sepals .and the petals can not he distinguished 
by their colour and form. Sometimes the tw^o whorls of 
calyx and corolla are so closely inserted on the thalamus qf 
so fused together, that they look like a single whorl. These 
two whorls are together called perianth or floral envelojie."^ 

t srianth is polyphyllous, w'hej;i the leaves are all free, aw 
nlat-chandaly piaj, etc.^but (ii is gamophyllous, when 
they are fused, as in rajanigandha.^ 

flower is complete, wdien all the four whorls of leaves 
are inserted on the ’axis in succession, as in jaha, sarisha,) 
«tc. (when either calyx or corolla or both are absent in a 
flower, it is incomplete, as in krishnnkali, kachm), crotop^ 

When either calyx or corolla is present, the incomplete 
flowers are monochlamydeons, as in punarnaha, katanaU. 
When both of them are aijsent, the flowers are achlamyde- 
otls, as in pan^ipul, etc. When both of them are present,the 
Mwers are dic hlamyd eous, as in malar, dhutura. The 
dichlamyded^ flowers are heterochlamydeous, when 
the calyx and coroUWfce of different colours, as in most of 
the dicot flov^ers. They may \ye homochlamydeous, when 
oalyais^and eotolla^ aj^ of the same colour, as in most of the 
luolBl^t floviers, b-g. hhoomi-champa, rajani-gandha, etc. 

^amens and eari^els, the essential 
call^ sporopliylb. The stamens 

iv-dsc©-' 


^^irKs ,and the oarpels* Udacro-fHydfb-o 
stamens affd carpels are present in 
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a flower, it is called bisexuftl, hennaj^bjrodite or 
monoclinous. When either stamens or^ cargelB are 
])resent, the flower is unisexual or diclinous. With 
stamens only, the flower is staniinate or male and with 
cari)el8 only,^ it is pistillate or female. The plant is 
monoecious, w'hen both male and female flowers are 
^ome on it, as kumro,* shaaha, bharenda. The plant is 
dioecious, wb^n male and female flowers are on the 
dif¥erent plants of th^ same 
species, as tal, kea, patole. The 
^)lant is polygamous, when 
both male and female as well as 
hermaphrodite flowers are on it, 
las (m, 

Flowers are perfect, when 
both the essential organa are 
present. They are impe^ect, 
when the flowers are uniseaual. 

The flowers are neuter, when 
•both the stamens and carpels 
\are absent, as in some florets of 
surjamukhi, kochoo, etc. 

Other terms of flowers : 

(a) Begarding symmetry. 

When tb© leaves of calyx and corolla are similar in' form 
and si 556 in each wborl, the flower is said to be regular's in 
tishiy pf)pp^, rmUit jabq^, etc. But when the[ leaves-are ^ssi- 
i^ilar in form and siae, i.e., some are markedly larger, than 
others, tHe flbwer is irrugular, as in bak, dh^pne., 
A regular flower is a<±inomo^hic,when it can be.<^;long|ir 
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tudinally into two equal halves through any plane. The 

halves must contain equal number of members of each 
* 

whorl, ^in sharisha, mashina, etc. An irregular flower is 
, zygomorphic, when it can be cut longitudinally into two 
equal halves along only ono plane ; excepting that plane, 
the flowe^an not be cut so as to get two equal halves, as in 
amraiim . matar, tulsi, e^-c. An i^g^gudar, ^ 

trical, when it can not be cut longitudiully along any i>lane 
iiTStder to get two equal halves ; the divisions thus made are 
widely different from each otlier, as in kolu, sarho-joya, etc. 


^ (b) Eegarding the number of members of whorls. 

Whenjbhe leaves of the four whorls aye all ^qual in 
mimber or any multiple tliereof, the flowers are iaotnerous. 
According, to the number or multiple of that number, flowers 
are dimerous, trimerous, tetramerous, pentamerous, 
or hexamerous. All mongcpt flowers* aa.a..xule, are 
Irimerous. Dicot flowers are usually, pentamerous 
though they mly be dimerous or tetramerous; They aTO never 
trimerous •exceiJt in a few’ families as of ata, nona, aharnpa, 
etc.y T]mH(^h'irish(i, rntda are dimerous flower^; [^mjani- 
gan lha, lily 


are 


trimerous p( patharhucki. labanya are 
tetramerous), {^ba, dhanrm, kapaa, are all pentameroi^ 

IAVhen the members of the' whorls do not agree in their 
/fnumbers, they, are anis^^erous, as in ttiUi, kalmeg, 

(c) Regarding pbyllotaxis. 

[n most ofHhis flowers, sepals, petals, stamens and caiq^els 
are arranged f in wborls on t^e . dif erent nodes. .of-the- 

aTO called cyclic.^ But/in padma, shatmk^ 
leAtes are*arrauged.jipiraUy on^ the yiiaamijs... 


(l. 


' i': 
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f The side of a dower, that lies nearest the stenn, is called 
posteriod an cf^the side, lyings' away from the stem, is called 

anteriorl 

* Dicot and monocot flowers compared.— 

»«■•»■» L. - I I I I Ijlll MMI IIM IIIHI^Hl 

1. (Monocot flowers are mostly 'trimerouspbut^^dicot 
flowers are usually i)entairj^rous or tetramerous.’) 

2. ^ In monocot flowers, the calyx and corolla can not 
always be clearly distinj^uished, hence we use the term 
Ijew^jtithi- Flowers then are hqmpchlaiiiydeous^while^dicot 
flowers are usually heteipchlamydeous, as the sepals here are j 

mostly ^n'een. }/ ' 

/ 

THALAMUS 

*^halamu5 or the floral axis usually consists of four nodes 
and three internodes.Yjn a flower, the internodes of thalamus 
are usually suppressed^ But Qvhen the axis elongates into 
prominent nodes and internodes, they appear as distinct 

«iw 

stalks of dift'ertnt whorls and are named accordingly) ( Thus 
the portion of the axis bearing the perianth is known as 
anthophore. ) Similarly.fthe portion of the axis beaijing 
androeciuin is called androphore^ and^he axis or stalk on 
wliich the gynecium is seated is gynophpre.) The 
androphore «xnd gynophore are found in the flowers of 
jhiimkalata and shada-hnrhuria. , - 

Thahimus mav be of different forms, fit is club-shaped, 
as in cfeawspn, rtia^^ery pi^minent, flesliy^hd ,in the form 
of an inverted oofie, as in padnut, etc):<top-like, as in skalook^ 
andsl^up-shaped. as in^olap^to. 
fiTLowers are so" variable in Structure that no two 
of the different species are alike. The most 
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puzzling featai'e of tlie flowers is,. that the flora l 
whorls are* neve?^ _ 9 .een ^ to^jiocupy thjB.,,,.S8tJ!Ufi..4^08iii(i.p^„.ari 

H„l^jl.^||y.•J M- "S fc ,, <• i \ iis«, l’« ilirt 

the floral axis pf,all flowers. Thus the position of tha.c43a|y^ 
may be lowerniost pr^toxypost on the ,thalaitj.U 3 . They ^re, 
therefore, terined as inferior or superior. Flow'ers may be 
constructed in three w avs according to the variation of 
insertion„iut.the l^ves on the* axis :— 



Fig. H8. 

Thalamu». A flower with andropbore a, 

B—^ttr&uria flower, a—Audrophore. b—Gynophore. 

^—(hiUip flower, th—Thalamus abnormally 
I growing beyond the flower. 

(a) Wh^n tlie axis is more or leas convex in form and 
its j|o^Hb which is occupied by the 

gyh€Mci^u^^ the*sepals, petals and stamens ii^e 

axis feelow the gyi^iutn in an acropetal 
is Called J hypo^ Wtts. Here the ^e- 




FLOWEB. 


123 


cium with ovary is superior and the otlj^r^ whorls are 
inferior. This is found in ^adm a^Jih^ammi. dhiiis^b^-^tUL. etc. 

(b) When the axis is in th e form ola flat disc due to 
the development of its sides and the growing point i^in the 
middle of the. disc which is occupied by gynecium, and 
when the remaining whorls are inserted, in order, on the disc 
surrounding the gynecilm in the middle, the flower is 
perigynous. Here the ovary also is supeiior and the othw 



Fig. 89, 

A—Hypogynous, B, B'—Perigynous and 0—Epigynous flowers, 
t—Thalamus ; g—Gynecium./ 

wliorls inferior, as found in kalkasinda, rmtar, bok^tG, In 

some }>erigynons types, due to theluHher development of the 

sides of the disc, it becomes cup-shaped and at its bottom 
* ^ 

lies the growing point occupied by gynecium. Sepals, 
petals and stamens all arise, in brder, from the rim of the cup 
called cUyxj^tslbe.'’' Examples of .this type of ^ower are 
found in*f;oia|>. 



124 


MORPH<)L()Ci\ 


(c) When the_*i\iii is so hollo^\e(l out that it is in the 
toun of a deep cup t) ^^hlch the Qvai> ib closely adh^ient 
and when the otliei whoils arise from the toji of the cup, 
in or del so that tlie stainens aie next to the stiiima the 
dowel IS epi^ynous. The o^a^\ here is inieiioi and ill 
othoi whorls suiieiioi Exaiiijiles aie lound in lamtul 



Difftront forms of (ahx A-> Pol>s(paloub tal>x B -Gamo* 
sepalous eahx C- Two hppcd t ilvx D—Epical} x 
E-“I)eciduous c al> x i — Pappus calyx 
H — Spurred calyx 


CALYX 


Forms 


• • 

When the lepa^of a cal^x are all tree, it is polyseiwlou^ 
as, m Mmkalmoola, huf'hmin But when the sepals aie all 
it i^*||i ^ os$ps^us ab m heqm, hole When gamose' 
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• ]>alous, the calyx may be as in dhutra : bcll- 

shaped., as in jaba ; tw o-lippe d, as in matar ; spurred or 
provided^^^ with a prolonged tube g,t the , as in 

dhnpati \ saccajte or provided with a .isac-the—-base, 
as in malayndsitei'tihLm ; teeth-like as in randan. In 

t* ►«<•» • 1 

stnrjamakhj, ijanda, the calyx consits o'f two or more hairs] 

****''•' M. KT'V*** ***1 

arisinj? from the top of ths ovary. This is called pappu s. ^ 


Duration of calyx. 

/ 

Wlien the sepals fall off aj^cjlhe, ..tiiii.e of ppejailiii--"iif'''lhe 

flowers, the calyx is caducous, as in sheal k^ nta, popp y. It 

is deciduous, wdien the sepals fall off' after s 0 rviiiji-~-tlifiir 

fimctions, as in ckampa, pmma. It is persist ^pn t. wheni 

the seirals remain in the flowers though .other whorlsF 

fall off'. This persistent calyxjH..«jfiCfisaai^ 

of young fruit. The pappus calyx is persistent for_the| 

scattering of fruitlets of siirjamukhi, kukursoiika^ etc. i 

. __ . .. . . " ' .. \ 

In chalta, tlfe, pe^stent_ fiyjJ..j» 0 i)al 8 „ fleshy and f orm 

a j)art2oO!^.Jft^^ CJllyx. 

])ersists as a withered body, called mt^ircescent. But it ial 

a ccre scent, when it is more or less fleshy and continues toj y 

grow with the developing fi’uit as noticed in brnfunfi 

pep am, etc. 

COROLLA 

« 

Forms :— 


When the pet als are all free , the corolla is'poly|^talous, 
as in shimul, ja^. But it iS gamopetalous. when the^ 
jietals are ail unit^d^ with one anofcl^r, as in rangan, \ 

Both the two forms may be regular, when the petals are all 
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similar in form and size, as in torulata. They may also be 
irregular, when the petals are dissimilar and tjidr arrange¬ 
ment is hot symmetrical, as in iulsi. w 



14 ^ 

Forms olrorolla. a—drucifonh “ b~Caryophyllac«^?a-^pflioiia- 
ctious. d Tubular, e—Campanulate f—tofiUudjbuliform ; 
g-.Rotate h—Hypocrateriform k-^Lig.uJate 
1 —Bilabiate. 

A. Polypetalous 

(a) Regular 

corolla consists of four p6talji'< arran^d 
"'in the {minka jsross. as found in all flbwers. ol sharisha 

, ,fapiily.' ' I ' . . 

' - .!(2i) corolla consists of ftSQ' spreading 

■^ corolla W' '8w spreading 

-1 —staUt-likfi/jtailow portion. 
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of a petal is at right angles t o its or the expanded, 

portion, as in fjimas^g, amxul, etc. 

(b) Irregular 

(1) Papilio w^ gus corolla consists of live petals of ft 
which the largest posterior petal .called stainlard o r | j 
vexUhm encloses two lateral or side-petals called wmgs | 
or ■Jae which in their tur^ enclose the remaining two. These j 
two are more or less united into a boat-shaj^ed structure ■' 
called ke el or carina . This is the characteristic corolla of | 
all flowers of T/^aiar family. 

B. Gamopetalous 

(a) Regular 


(1) Tubular cor olla has four or five j>etals united 
to form a tube-like bod y.as found in the disc florets of ganda, 
chandra-mdllika e^ 

(2) Campamilate or bed-shaped, as in hhumik%mra^, 
kalm i, etc. 

(3) Infundibuliform or funnel sha|^ as tamak, 

dhutra etc. * 

(4) R otate or w heel shaped , where the petals are joined 
to form a short tube with a spreading limb which is at 
right angles to the tube, as in hemin . l anka . kmitikaH. 

(5) Hypocrateriform or salver sha^ied, where the 
corolla is like the rotate one but tube is long, as in 
torulata, rangam, etc. 


(h) Irregular 

(1) B ilabia te J corolla consists of five p e tals fused to 
form two Ups, the; upper onA nv^rKflogtyig thft 
This ik found in most of the flower^ -o f iuh i and bamk 
families. ^ ‘ 
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r2) Ligjilittte corolla consists of three or five ])etals 
united to form a sliort tube at the base and flat or strap- 
shai)ed above, as found in the ray florets of fiur:iamukhi, 
chandra-Tnallika etc. 


(3) Personate —Tliis agrees with the bilabiate type but 
is nearly' closed by a pouch as found in hnsaiiti. 

I Corona is a ring of ^filamentous outgrcmthg arising 
;froin the wall_of tlie corolla pr lying between the ctu'olla and 


‘the androeciuin, as found in shuhathirahan, mktu-kaidhi, 
■ akanda etc. \n jhumkolata these outgrowths, form two or 
’ more^ whorls, of coloured haiiy bodies. 


Aestivation. 


This indicates the relative arrangement of floral leaves, 
usually in the case of sepals or i)etals, when they are in 

the bud. This corres- 


y ponds to the vernation 

/ y f of foliage leaves, ( vide 

Y r page 90). 

This may occur in 
the following ways 
( 1 )V Valvate.— 
The margins of sepals 
or iietals touch each 

other but do not over- 

lap, as in nehu, ata, 
nona, etc. 

Aestivaiiigii|. V—Talvate. T-rTwistt'd.'^ CoQtltttedr-m:,. 

Vex---v«iicaiary. , twisted.— ^The margins 

pet^s overlap each other successively 

only, as in - 



il^ig, *92, 


karc^,' * iaba^kaic^d^pa. 
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^3) Imbricate.—Here the nmri*ins of the Bepals 
or p etals _joverlai) each other ir regularly, as in kalkafihinda, 
VOVPlh ^ 

^ (4) Vejdllary—Here the 

]>etala in papjli()xra.r.eoa.s,.cijr>jil'.n a^ in nui ttir^ />a/r, ajmmjita. 


ANDROECIUM 


Number of stamens 


According^ the inuTiher of stamens in the flower it may 
he monandrous, i. e., having a single stanign, as in lalpaUi, 







M Fig. 93. 

Typos of Stamens. uH-Moimdelphons. b~Dindelphou8. c—Polyadel¬ 
phous d—Syngenesious. e—(iynandrous. f—Tetra- 
dynamous. g—Didyaamous. 

j * * ^ 

o.aa, hahid j jjjandroi^ s, with two stamens, as in jui, ba sak^ 
; triandrousTwith three stamens^s ip Q(yn iiJik^\ tctran- 
'drous, with four stamens, as in rang^ ; pentandrQU8,as in 
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dhutia, begun ; hexandrous, with six stamens, as in mula^ 

' Mi ^ 

shtikadarsan, dhan^ and so on. 

When the stamens in one whorl are same in number as 
the sepals or petals, the flower is called i sostemonom s, 
as in j) athark^ hiy but when the number^s doubhj^^^an^ thf? 
stamens are in two whorls it is <Uplostemonous as m 
Idyr etc. ^ 

Relative lengths 

(1) When the stamens in a flower are six in number, ol 
which four are longer than the other two, they, are called 

tetradynamous, as found in the stamens of mula, sharnha 

# • 

family. 

(2) When there are four stamens ol which twp are 
longer than the otherjtw[<>, they are called didy^amous, as 
found in the stamens of tidif, kalnXegh families. 

Union of stamens 

(1) When all the fllaments of the stamens in a flower 

if' 0 

/■ are united to form a single bundle * and the anthers remain 
liwi^tKe 'stamens are monadelphous, as in most of the 
flowers of jaba family. ^ 

(2) When the stamens, alter the union of the filaments, 
form two bundles, they are diadal^ous, as in the flowers of 

* matar family. f 

(3) SUmeps * are polyadelphous, when the filaments 
unite to fjtirm niaim^hlUAdles, as in shtmult nehti, jamrul, 
peyava, ^etefe 

(4} Wi^m the a nthers are united to form onQ> tube and 
the filamsisft are free,4he stamens are syngenesious, as in 
the UQiets of itirjfjmuhht, gandn, etc. 

' ' * : s./ 
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(5) When the stamens are attachecL.to the* aiToUa^Jb^ 
then hlajrneqtfe, they are epipetaldtfs, as in dk iUi af ^afigan, 
kainhi, etc 

(6) When the stamens are attaUied to the gyneuuiu 

m such a way that they foini ^dcolunin called gynp- 
stemium, they are called gynandrous, as m ak ami a, 
Ktsna, etc. ^ 

(7) When the stamens are attached to the ])erianth 
le aves they ar^ called ep iphyllo us as in shukhadar^an, 
tnjanufa-ndha, etc 

Suppression and modification of parts 

When the tilament of a stamen is absent, the anther is 
called sessile But wlien the anthers are absent or 
functionless, the a^diens are called staminodes, as in 
safho joya, dulakhampa Th# staminodes may be petal4ike 
m foim and serve the fqjmlaon-of-^jetttls They aie then 



Fig 94 

Attachment of Stamens A—'BAsiAxed B Adiiatc 
0—Jterwfixed E—‘Versatile 

^ # 

called petaloid staniinodes, as m pa^j mmu hht 

taha In mht the filamenta may be branel^*^ In” 
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and'allied plants, tlie anfch 3 .M are long and wavy. 
They are called sinuous. 

* 

Attachment of anther to the filament. 


When the filament is attached to tlie base of the anther, 
the stamen is bfi^fixe(i,as in sharisha. It is a <|nat e. when 
tlie connective can be traced easily as the apical i)roloiigatioii 
of the filament, as in chmnpa. When the attachinnet 
is at the back and the anther is immovable, it is jjprsifiixed; 
as in fthukad-arsan. When the filament is attached to the back 
of the anther by a^gin t, so that the anther moves freely as 
if on a pivot, the stamen is v ersati le, as in dhan, kid, 
lily, etc. 

When the anther turns towards the centre of the flower, 
the stamen is introrse, as in chainpa. It is extrorse, when 
the anther turns away fro^ the centre, as in dehduru, 
viat-chandal. 


A stamen mayJbe wmipared with an ordi nary leaf, as its 
tilarnenf corresponds to the petiole and the anther to tlie 
blade. The anther consists of two cliambers lying on two 
Isides of the connective which corresponds to the mid-rib of 
f a leaf. The two chambers are formed by the infolding of tlie 
right and left halves of the anther or the staniinal blade to¬ 
wards the 4 nid-rib. In the early stages of develc^>m 0 nt of the 
anther, eaqli chamber is divided into two by a partition wall 
which stretches from the mid-rib to the opposite wall 
through tl:»9.^vity* Thus the anther now consists of four 
oheftt]ibers,|Baoh.of which» contains numerous pollen, .grains. 

the %nther is mature, this four-chambered 
twi-chatnhered, as the two partition wails 
wilhin the chambers are absorbed and disorganized 
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at maturity. In tlie flowers of jaba family, due to th^ fttsipn, 

L Uli.r-n-t—‘ ^ • I *i» 

the ant her ■■iH..aDe^ hamber ed. In lajjahati and allied plants, 
^lis may be eight-chambered by the development of partition 
walls in each of the four chambers in the early stage. 



Pig. 96. 

('ross Heciiort of an anther showing the chambers. B—Section in 
the early stage. A and O—Sections when further developed, 
a—Pollen grains in motlier cells, b—Chjimbt'r. 

Dehiscence of anther. 

When the anther is mature, it bursts to libtJtate the 
pollen grains. Usually, in a dry atmosphere, the bursting 
occurs. There a^e several ways of dehiscence. 

(a) Logitudinally, as in jaba, champa. 

(b) Transversely, as in pan, gaja-pipnl. 

(c) By pores, as in aln, begun, cluilta. 

(d) By valves, as in tezjmta. 


Pollen grain 

Pollen jrains are minute^powdery bodies developed abun¬ 
dantly within the chambers of the anther. They may be of 
various forms, viz. oval , sp herica l, tri^gular, etc. In ahanda^ 
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rama, etc.,^ manyj)i.^e grains cohere^ togetji^]^^^ 
aecretiion bo form a single Po»^J»^aUe£p5ll^ 

Each grain has bwo coats. The outer prptgijtii^e 
/^/•called is ^igk and ^cuticulariaed. In most of the 

grains, socially those which are carried away by insects, 



Pollen grains. A-AWo grain. B-Piw grain. C-Polliniurn of 
Basrikit, P—A developing gram. oc-Extme. ic'—Intine. 

E r A grain with pcdlon tube. 

theout«iB^oeqjtheextino has many s ^ntiB or ridges. 
In. othOTwinsiilfese aril absent and the ^ains are smooth- 

^ t - - • • s T.. .... 

^^^^'"^■'*',.,.7"--■'*- * . ' , 

'ipjifidjV Wnwn hy wind. ^ The' extine is not 

*l^t the haner coat called uitu^ is 
liti'i^ soCt. When ^the grain is to: the 

i --/•’•Hi. 
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mature stigma, it germinates there resul^g in th^ formation 
of a tube-like body called polle^ • 

Ad^sion and cohesion 

^he union of similar floral members is termed cohesion 
and that of dissimilar members, adhesion. Thus union, || 
between sepals forming gamosejialoua calyx, is cohesion. 
Similarly gamopetalom, Monadelphamf duidelphotis, synge-. 
nesious, etc., structures are the results of coheaioi^ ^n the^ 
other hand, epipetalom and gynandroun structures are the 
results of adhe8ion.\ 


GYNECIUM OR PISTIL 

When there is oujy:^jcme...caEl)§i in^Jhe 

simple or monocarpellary,as in 
harhaty. It is compound 
or polycarpellary, when the 
carpels are'" more than one. 

J When two or more carpels 4we 
combined to form a single body, 

I it is syncsu^ous, as in begoon, 
sharsh^e ; when the eari)els 
remain free and quite distinct^ 
from eaclvother, it- is apocarp 
otiyB, as in champpt>t padma, etc. 

pistil, accord* 
number' of carpels 
separate o^ varies are formed, all 
attached to the thalamus of the 
flower " in^ several rows, each 
having a^distihet style and sti^a on m fin s^earpous 
pistil, union mtiy be aoraplete involving oyanbs, styles and 



1 


I Ih ap ocari 
ing tonEF 



Fig. 97, 

Simple pistil of mtHar flower. 
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stigmas, or. it may occur at least in one of the three regions 
of the pistil. Usually, the ovaries arkl styles are fused, as 
in mrjamiikhi, jaba, etc., but their stigmas are fipeyf ln 
tishi, pink, gima, tlie oyaries are united but their styles „.ajQ£L, 
stigmas remain free)pn Karahi] kurchi, akmida, etc., fusion 
occurs at their stigmas and style^In angiosi)erms, generally, 
a carpel is diffei-entiated into tlif^e parts, viz. ovary, style 
and stigma. Ovary or the future fnjit is the closed chamU^ 
to enclose within it one or more ovules. ^ In gymnosi)erms, 
the carj)el is nr)t divided into ovary, style and stigma ; 
this undifferentiated cariielis in the form of a scale. 



Fig, 98. 

Pistil. A'—Monocarpellary pistil. B, B'—Same in cross section. 
C—Bicarpellary pistil. D—Tricarpellary pistil. 

I s—Stigma. st—Style. a—Doniil suture. 

; b -Ventral suture, c—Placenta, 

d-Ovule. 




S - 




The'caii}^, if ccanpa red with a leaf, ha s n p .c rr i msp cmding^ 




st^lc corresponds to the leaf-apex, which 

ThrlJaJialses.■ 


Asides of j:,the,,„niid-rib, become >^iised .at St|ieir 
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margins to produce a single chamber in a single pistil : but 
many chambers may be formed in a compound, plsfcil. These 
chambers are called loculi or ceUs. Thus ovary may be 
unUocula£ or one-celled, as in matar. bo h ; Mocula r or 
two-celled and trilocular or three-celled, and.aa on^/ln a 
synca rpous pistil,’TKe”number of carpels may be determined 


from the number of free jijbigmas at its head^ 

^he ovary of a carpel has two sutures or lines, one of 
which, corresi>onding ^ thejused jnaj^ins j>f, thfi-car|»l^^ 
lea Land facing the axis of the plant,is called vent rar su ture, 
while the other, correspondipg to the mid-rib of tbe car- 
pellary leaf, is called d(mrw..su$ure^ 

Style 


^Style is single in afocarpous gyneciuir^ but in 
syncarpous gynecium, styles may be united into one.' It 
is long, as in jaha, dhutra or short, as in champa^Qt is 
coloured and petal-like, as in mrba-Jay^ Sometimes^^^it is 
absent in the flow^er, when tbe stigma is sessile, as 
in chalta, poppy, et^ * 

/when the ovary is marked at its top by depressions, so 
that, the ovary becomes lobed and the style arises from the 
depressed ixiint appearing as the prolongation of the 
thalamus, the style is called gynobasic, as in tulsiy 
dhrone e^. 

Stigma 


J 


It is the te ^ina l part of the styl e, Wben it is mature ,, 
it may receive the |)oUen grains which geripiuata^xtBLit. It 
m ay be feathe ry, stic ky, fleshy, s in gle, or branc hed. iSe* 
number of stigmas is tjjjgJipi svA'id'Hiukhi, three in kumro, five* 
in jaha, and so on. 



13B 


MORPHOLOGY 


Placentation. 


Placentas ai'e cellular outgrowths deY6loi)ed on the 
inner surface of the ovary from the u nite d ma rgins of the 
carpeUary leaves or from the flora l axis . Barely, they arisg 
from the base of the ofary. Ovules are home (m the swollen 
surface of tlie j)lacenta wdiich may Jpiold one or more ovules 



Fig. 99. 

Stylo and Hti^nas. a—Gynobasic «tylo. b—Sessilo, o—Foathery, 
d'-’Pentauj^lar. e—Dumb-bell ahaped* f-Foliaoeoue, g-* 
Lobed h—Stylo of fewwro. at—Style, sp*-Stigma. 

within the ov^;^« S^he manner, in which the placentas are 
nr on the inner side of the ovary, is 



station are as follows :— 

develop on the placenta, 
ventral suture of the monodarpellary leaf' as 
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found in matar and other flowers of the same family. The 
ovary in this case is simple and unilocular. 

(2) Parietal —This occurs in unilocular ovary Ifelonging 

to two or more carpels. The placentas with the ovules 
arise from the united mar^^s of the neighbouring carpels as 
jhiimkolata^ kumro, etc. * 

(3) Axile —This ^Iso occurs ■ in polyc^rj^jiry 
syncarpous ovary which is not one-celled but divided into 
as many chambers as there are carpels. The mar^ns of 
each carpellary leaf unite and meet in the centre, where an 
axis is formed. The x^lacentas with the ovules grow’ from 



Fig. 100. 

Placentatiou. a—Marginal, b-Parietal, 
c, d, e,^—Axile. £ Free-cetitral. 

lihis axis in each of the chambers formed- This is the only 
type of placeutation. in which the ovayy'^ i^two or more 
chambered. * This is found in jam and dhatra families. 

(4) Free-central —^This occurs in jinilooular ova ry, 
helongin^te man y cam els. The placentas^ with the ovules^ 
growon thecentra^ffexis, which is the prolongation of, the 
thalamus within the cavity of the cwaiy. The ovules, in the 
>oentT&, are free &dm the inner wall of the ovary, hence the 
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name of the placentation arises. Tliis is found in the ovaries 
of the (jima 'family. 

( 5 ) Basal —This occurs in unilocular ovary in which 
the single erect ovule is held by an axis at the base of the 
ovary as found in the ovaries of .wrjamukhi family. This 
tyi)e is a modification bf the free-central one. 


if. 

Oyules. 

•A* J( 

Ovules are oval bodies arising from the placentas within 
the ovary. Each ovule is seated on a stalk, called funicle. 
The ])oint, where the funicle is attached to the ovule, is 
called hilum. The main body or the central mass of the 
ovule is known as nuce llus. The ovule has -usually 
two coats which completety enclose it, leaving a small 
opening at the top. The opening is called micropyle and 
the coats are integuments, outer and inner. The basal 
region of the nucellus, from which the integuments arise,is 
called clialaza. 

Forms of ovules. 


Four different forms of ovules arise according to the 
different (K>sitions of the funicle, nucellus and chalaza. They 
are as follows :— 

(1) Ortllotropous or straight—Tlie ovule stands as 
-an erect bodyiv so that the micropyle at the top and the 
chalaza at tbc baBe lie in one and the same straight line. 
This is found ^^:*chukopalang, pan, golmarich, etc. 

( 2 ) Ans|topoill or inverted—The ovule is inverted 
cpih|)]etelyt, 4^ ;t;hat the funicle is unusually elongated. 

oyed to the apex and the micropyle at the 
!?hus, micropyle, nucellus and chalaza 
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are in one line, and funicle runs closely by.the side of fehe 
ovule. The lonj? funicle, cohering* with integumentg, forms a 
ridge called raphe, which connects chalaza and hilum. This 
is a very common form of ovule found in many dicot flowers, 
as in aharlsha, hmiro, Hurjamukhi, harhati etc. 



a B e ^ 

Fig. 101. 

Forms of ovules. A—Orthotropoiis. B -Aiuitrop(JUi«. 

C - Campy lotropous. D—Amphitropous. 

(3) Campylotropous or bent—The ovule is bent upon 
itself in such a way that inicropyle and chalaza are close to 
each other. The inicropyle is not at the top of the ovule 
but very near to hilum, as found in gmia and kruhnakali. 

(4) Amphitropous —The ovule is twisted in^uoh a way 
that the axis of tlie ovule is at right angles to tJie funicle, as 
found in poppif. 


Summary of Chapter VU 

1. Flower is a modified shoot of which the axis is thalamus. 
Four whorls of leaves arise on the axis. They are (1) CalyX.Composed 
of sepals, (2) eoFOlla, of petals. (3) androeelpm. of stamens. 
‘(1) gyneelum, of carpels. 

A stamen consists of filament, ^nthep and connective A 
•carpel consists of OVaPy. Style and Stigma, 
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2. FlQwer IB a shoot, as it agrees'with the latter mgardfmg origin, 
structure, development, phyllotaxJs and in some cases regarding the 
production of teiminal and axilla^ buds. 

d. Sepals and petals are nnn-essential OPgROS, while stamens 
and carpels are essential Ol^aflS. 

4. Sepals and petals together form perianth. This may be 
polyphyllous or gramophyllous. Flower is complete, when all 
the whorls are present. It is incomplete when one of the whorls is 
absent. Flower may be achlamydeous, monochiai|{y^deous, 
hpmoehlamydeous, heteroehlamydeous, and diehla^^nydeous 

according to the presence or absence of sepals, petals or both. 

5. Flowers may be bisexual, unlsexual, or neuter according 
to the presence or absence of stamens, carpels or both. When two types 
of unisexual flowers are on the same plant, it is monoeclOUS, but it is 
dioecious, when they are on two difierent plants. 

6. According to the symmetry in the flowers, they may be actino- 
morphie, zysromorphle or asymmetrical. Flowers may be isome- 
FOUS or anisomerous, depending on the equality or in-equality 
of the number of members. Flowers may be cyclic or acycllc, 
when the floral leaves arc in different whorls or in a spiral line on 
the axhs. 

7. Thalamus, elongating in its different iuternodes, forms antho¬ 
phore, androphore or grynophore. According to the variation of 
insertion of floral leaves,the flowers may be hypo^ynous, perlgrynous 
or epigynous. 

8. Calyx may be gamosepalous or polysepalons* when the 


sepals are united or free. Calyx may be caducous, decldttOUS or 
persistent; suj^rlor or Inferior. 

9. Corolla ]x4y be gainspetiUous or polypetalOUS, when Ihe 
free'or! united. It may also be regular or irregular. 
The r^ular forms are oruclform, caryophyllaceous, rosaceous, 
hell-siailcdr^jnnei^sliapQii, wheel-shaped and salver- 
forms are papilionaceous, bilabiate, 

iralFate, Imbricate, twisty and 






iadihe arfamgement of horal leaves in the bud. ^ 
the number of stamens,they may be monandtOUS 
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Idiandrous, trlandrous. etc. When four stamens are longer than 
the other two, they are tetFadynamous. They may monadelph- 
OUS or polyadelphous according to the nuijlher of htindles the 
filaments form, when united. When all the anthers ate^ united, • they 
are syngeueslous. They are epipotalous or gynaudrous, when 
the stamens are attached to the petals or carpels. They are hasiflxodf 
dorslllxed and vepsatlie when filaments are attached to anthers 
differently. ^ 

12. Union of similar members is cohesion and that of dissimilar 
members Is adhesion 

13. Gyneoium may be apocarpous or syncarpoUS, when the 
carpels are free or united. Ovary may be UnilOCulaF, biloettlar» etc., 

14. Plaeentatlon is the arrangement of placentas within the ovary. 
This may be marginal, parietal, axile, free-eentral or basal. 

15. All ovule consists of (a) a nueellus, the main body, (b) two 
integuments, and (c) a staix or funlCle. The different forms of 
ovules are orthotpopous, anatropous, eampyiotropotts and 
amphitropous. 


Exercise Vll. 

t 

1. Describe the principal types of corolla with sketches and 

examples.— C* U. 1930 ^ 

2. Describe the various, modes of insertion of the floral leaves on 
the thalamus.—C. U. 1920. Or, describe, with examples, the structure 
of hypogynous, perigynous and epigynous flowers—C. tJ* 1931, 191C. 

( Hint : —The second question explains the first one ). . 

3. What are pollen grains ? Describe their microscopic structure. 
What are their functions ?—C.U. 1912. 

4. What is placentation ? Describe, with i^mples and sketches, 
the various forms of placentation and types of ovuiss.—C.tJ. 1923» 1926, 

5. Explain clearly the difference between ‘adEesipn and cohesion' 
and define the terms, citing examples, where necessary *^131011^1008, 
monochlamydeous, anatropous, xygomorphic, hyp(^(yhQUs,di‘‘dynam<ms, 

tetradynsmotts, epioalyilf,’ syngenesious, monadelphous, pBpilk>iiao6ous,‘ 

1 « ' , 

Binuous,gynandrous, staminode.c^nnectivA,vexillum,!]^llinium/pappus, 
gyaebasic, oorona.-a U. 1933, 1923,1921,1920,1917,1916,1910. 



CHAPTER VllI 


POLLINATION 


Pollination is the process transference of mature 
pollen grains from the anther to the mature stigmatic 
sJUrface or direct to the ovule, in the case of gymnospeniis. 
This process is very important to the plants, as without it, 
production of fertilised ovules is impossible. We know 
that soon after transference, the iwllen grains begin to 
i^rminate on the stigma, as a result of which pollen tubes 
are found to pass through the style and then to reacli 
the ovule. 


Kinds of pollination. 

Wbeii pollen grains coming from the anthers, pollinate 
the stigma of the same flower, the process is called self- 
pollination or autogamy. In order to effect this, the 
anthers and stigma should be in the same flower and mature 
at the same tinte. 

When the pollen of one flower pollinates the stigma of 
■another flower of the same species, the process is cross- 
pollmatlon,^allogamy or intercrossing. The two flowers 
•concerned ar^ mostly of the same species,or rarely of diffei'ent 
•apecics of th4 Sfime genus. 

The sjj^ru<|feh!reft of the most of the flowers are such as 
are adapted Por cross-pollihation. In many cases, where 

please, it may be due to the failure of iu- 
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Effects of pollmatidn : fertilisation 



When tlie pollen grain is mature, some changes occur 
in it which go on even after its transference to the surface 
of the stigma. As a result of the change^, tlie inner wail 


•of the grain becomes 
elongateci forming a 
pollegt^tube within 
which newly formed 
male sexual cells 
enter. By the absorj)- 
tion of sugary .s^re- 
tio n of the stigma, 
the pollen-tube passes 
through the stigma 
and the style, and 
at last reaches the 
mici;opyle of the 
ovule 'SSf' comes 
upon tJte nuce lius. 
Penetrating the nu- 



celliis, it meets the 
female sexual cell. 
Here the male . cell 
unites with the 
female , cell and 


Fig. loa. 

Process of PollinatioiH and feirtiliwEttioii 
A.O:—Anatropoua ovalo. Pol - Ppllen 

grain. St- ^gma. P.- Pollen'tube. 

inner integu¬ 
ment O, I. - Outer integument. 

Ov-^ Ovary. M-T\Microi^yle, / 


fertilisiss it. This i)roees8 of union is called'fert^u^tion. 
Pollination does not altirays l^d to ^fertilistt^tion. Even 

t ' ^ jS *’ 

when pollinatiori suedwsful, the'iorination of seedsj 
and fruits does not occur in mainy plwnfcs 

' " 'i‘,i ' * ' ’ 

BangoonrCi'eep^, etc. 


10 
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Autogamsr and allogamy compared. 

^In self-pollination leading to self-fertilisation, there is 
the fusion of practically similar characters, as both the 
male and female cells c(3ine from the same i^arent plant.N In 
allogamy which leads to cross-fertilisation, there is'^tlie 
mixing of more or less dissimilar ^haiacters, specially when 
the plants producing male and female cells live far apart 
and under different external conditions. It is also observed 
as the results of exj[)eriment8 that the seeds of cross- 
fertilisation are generally more numerous and give rise to 
offspring superiQr in strength, height, weight and fertility, 
etc. to those produced from seeds of self-fertilisation. 
Moreover, the seedlings of cross-fertilised seeds have 


greater capacity for struggling successfully with the 
hardships they may have to encounter during germination. 

There are some disadva ntages on the side... of^cjnpss- 
])oUination. Plants are tfTproduce many pollen grains all 
of which are not canned away by tlie pollinating agents, 
so ail are not useful for pollination. Again, for making 
the flowers attractive to the insects, flies and other agents, 
plants are to spend some amount of their materials for 
colour, honey and iierfume. In exchange for this extra 
exi^enditure, made by' the pjants, they gain very little. 
Moreover, much of the pollen is used as food for the 
insect visitojirs and even a, larger (quantity is lost during 


transit. \ 

' ^ “ 

For crosp-iwll^tion, the plants are purely dependant 
oh the. and activitfy of the pollinating agents. So, 

whhh thO ^absent, for some reasons or other, 

fails. Thus, cross pollination l>ecomes 
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in tliis sense, uncertain while it is tJie certainty of self- 
pollination which is its chief advantage. • 

^Agents for cross-pollination in relation to flowers. * 

Pollen grains have no jjower of loteoniotioii. In cross- 
Ijollihation, for carrying the pollen from the anther of one 
dower and then depositing tlie same to the stigma of 
another flower, agents are reijuired. The chief agents are 

water, wind, insects, birds, slugs, snails, etc. According 

'V 

to the agents employed, the flowers are named as follows : — 

1. Entomophilous or insect-pollinated^ as tulsi, padma, 
Juba, etc. 

2 . Anemophilous or wind-pollinated, as flowers of 
dhan I'aiiiily, pine, etc. 

3. Hydrophilous or water ])ollinated, as jiuinji, pata- 
shiioLa, etc. 

4. Ornithophilous or bird-pollinated, as Himul, 

mudar etc. * 

Characters of entomophilous flowers 

(If The liowers are usually large and conspicuons. If 
small, they are aggregated in an inflorescence, to form a 
l»rominent mass, as surjaniukhi, dhaniya, etc. (2f Petals 
are ■ usually highly coloured, but in case the petals are 
w uiting„ sepals; or bracts become petaloid, as in Lalpata, 
hayanhilas, kola, etc. (3) Ins|?cts [)ollinate the stigmas 
without their knowledge. They usually visit the flowers 
in search of food. Flowers not * only i>rovide theni 
with food present in their honey-secreting nectaries but 
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develop colour, i)erfume, etc. to allure them, (4) The pollen 
ftrains have ridges or spines on the outer surface, so that 
they may easily be attached to the insect-hodies. (6) There 
are some flowers, called pollen flowers* where most of the 
I^ollen is offered to tl^e insects as their food, as skmikantn. 
ctwnif.a, etc. (6) In many flowers the petals are structured 
such that insects landing on tfhem can easily trace the 
paths leading to nectaries, called honey-guides, as haaah, 
dhnnraa, etc. (1) The stigma is mostly sticky or hairy* 
where the hairs secfete the sugary fluid. 

Characters o^iuiemophilous flowers 


(1) Tlie flowers, iwllinated by wind, are usually small, 
inconspicuous, and not at all showy. There is no colour, 
l>erfume or honey in the flowers. (2) The sepals or iietals 
may he totally absent or inconspicuous, as in 'pinp, or 
they may * be replaced by scales, as in dfMn, aom, ak, etc. 
(3) Pollen grains are produced in abundance, as majfu’ity 
of thern<fail to reach the female flowers. (4) The grains are 
light, minute, dry and smooth-walled, so there is no chance 
of f)eing arrested by the leaves w'here they roll off readily. 
(5) In 2 nne, they are provided with two bladder-like 
expansions which keep them afloat in the air for a long 


time- (6) ^In dhan, ifotn etc, the anthers are versatile. 

' * ' f ' ■ ** ' » ' 

The statnei^* in J^iese cases, are extrorse and penduhms. 

(7) Stigma*! fn^y he long, branched or feathery, as in ghm, 
^en a iui^age is exposed to receive even the stray 
‘ea^i^d,. by wind- (S), During pollination, the 


1 '^ defoliated, an jwU, etc. or in some 

' raised much above the leav^, so, that 

'MjM' u> 


are weli exiK>sed tu the wind. 
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Contxivandls favouring crosS’PoUination 

* 

(1) DicUny.—Iti uniaexual flowers, as stsionteiis and 
carj)els are not both in the same flowers, self-pollination is an 
iiri|M)ssibility. Cross-pollination is then only possible. When 
the ]>lants a»*e monoecious, inter-crossing may occur between 
flowers of the same plant, as knmro, lau, etc. When the 
])lants are dioecious, inter-crossing takes place between 
flowers of different plants of the same species, as tal, potole, 
pititli, etc. 

f 

(2) Dichogamy.—In ijisexual flowers, the stamens 
and cari)el8 may mature at different tittiife. So, in some 
flowers when the anthers are mature and shed their 
grains, their stigmas are too immature to receive them. 
Tliese flowers are called protandrous, as jaba, mrjamukhi^ 
hasak, dhaniya, etc. In other Howers, when their stigmas 
are mature and are ready to receive the grains, their own 
anthers are immature* Thus tlie stigmas have to he, 
pollinated by foreign pollen long before, the graigs of the 
same flower are shed. These are known as protogyuous 
flowers, as in kola, sharisfm, rungchita, champa,^ etc. 

I ' 

(3) Self-sterility .—Til ere aie hisexnal flowers in 
which the anthers and stigmas mature at the same time 
hut still self-pollination is precluded, aa "tliese flowers, on 
account of their inherent property, are never fertilised by 
their own pollen. . These flowers are self-sterile, as found 
in jhamkolata. In some orchids, it is curious to observe 
that when the poU^ grains 6f these flowers are allowed 
to fall on their own stigmas, tlju latter inay be dis¬ 
organised as the result., 
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(4) Herko^amy. —In some bia^ual flowers self- 
pollination ' is avokled by the pecAiliar sirranj^eiTient and 
unfavourable position of anthers and stigmas. The staminal 
beads are situated at such a great distance from the centre 
of the flower, that when the grains are shed, they liave 
very little chance of phllinating their stigmas, as noticed in 
the flowers of tfhentii, vlai-chantJal^ etc. In some flowers, as 
akand^, orchids, etc., their pollinia or i)ollen-nia88eH foriTied 
can only be removed by bees so ciiecking autogamy. 




Fig. ]03. 

f Dimorphic and trimorphic flowers. 

f J ' 

^ " • 

(5) Het^ostyiy.— Self-pollination becomes imiiossible 
in soinfe ual flowers, when two or three tyi^es of them 
t ie^ lilafts %ith the styles and stamens of 




POLLINATION 


LOl 

The plantH are V-alled dimorphic, when they l)ear on 

9 

tlieiii two kinds of sucfi flowers. One type of tlieni 
has a lonji style but short. stamens while the other type 
has lonf^ stamens but a short style. An insect, in course of 

its visit, touches the anthers of long stamens and carries 

* 

pollen to the other flower with long style. Similarly, short 
stamens of one flower iwMinate the stigma on the short style 
of another flower through the agency of insects. In these 
cases, the pollination is legitimate, and this condition, 
of producing such two types of flowers, is known as 
dimorphism. This is found in the flowers of hmi-naranya, 
Jirt, viaUika, etc. 

Similarly, plants are triinorphic when they hear on them 
three ty])e.s of flow'ers. Trimorphism is found in jarul, 
/lalirn^ etc. 


Contrivances for self-pollination 

In spite of its many disadvantages, self-pollination takes 
place in a large number of flowering jdants and even self- 
pollination and cross-pollination may go on side by side in 
the same x^lant. 

(1) Homogamy. —There are some . flowers, called 
homogamous, in which the anthers and the stigmas matuie 
at the same time. They are usually small and without 
honey and perfume, as found in amruL 

(2) Cleistogamy. —Most of the flowers open when 
mature, but cleistogamous flowers are those which are small 
and do not open evhn when their reproductive organs are 
mature. T}»ey look like green flowbr-buds and grow in the 
shady parts of plants or sometimes underground. The 
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mature stamens and styles are so close together that there 
can not but he self-pollination. Plants bearing cleistogamous 
flowers produce also chasmogamous or open flowers as 
they can not fully depend on tiie former. Tiiis is found 
in kanchna, kantal, nlaV^t*n, etc. In the first two cases^ 
flowers grow also underground. 

(8) Curling back of stigfba or filament — Tn 

aurjamukhi, phaha, etc., when inter-cn)ssmg fails due 
to the absence oi pollinating agents, the stigmas 
protrude and cUrl back in such a wa> as to reach the region 
o^ mature anther to effect self-jxdlination. On the other 
hand, in nauphani, ifhentu, etc., tlie filaments curve to meet 
the mature stigma. 

(4) Closing up of petals. —In knuhfiakah, kalmiy 
torulata, etc. when there is the failure of intercn>&Hing, the 
petals, on which the pollen grams are shed, close up so 
that the grains, coming now in contact with the mature 
stigma, iK)llinate it. 

(6) Elongation of filament or style. - In moolay. 
Hhnrhha, there are two stamens shorter than the other four 
which are useful for cross-pollination. When insect-visit 
fails, the shorter stamens elongate and come to the same 
level with the stigma to pollinate it. In {famJharf^jy the style 
elongates to receive pollens of the discharging anther. 

Summary of Chapter VIII 

I 

PollinAlien in tbs transference of pollen from the anther trr 

plSveCsin iwo yrays.-^Ca) Self'POllltiatlon* 
ilfhep of A i«Ul8 ou the ntigma of A. 
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(b) CrOS$'POllin|ltloh» wheu tha pollen of A falla on the etigma 

of B. 

8. According to the agents, fiowers may be entOtnophilOUS, 
anemophllous, hydrophilous, orntthophilous. etc. 

4. Conditions favouring cross-pollination :—Dicliny, (2) Dicho¬ 
gamy, (8) Self-sterility, (4) Herkogamy.^S) Heterostyly. 

5. Conditions favouring a^f-pollination :--•(!) Homogamy, (2) Cleis- 
toganiy, (3) Curling of stigmas or filaments, (4) Closing of petals, 
(5) Elongation of styles or filaments. 

fi. Characters of insect-pollinated flowers. 

(a) Flowers are large or aggregated, when small, (b) Bracts 
may be coloured, (c) They may possess colour, perfume or honey, 
(d) They may offer pollen as fojd for the agents, (e) They may 
have honey-guides, (f) The stigmas are hairy or sticky. 

7 (.Characters of wind-pollinated flowers— 

(a) The flowers have no colour, perfume or honey, (b) Sepals 
or petals are absent or scales appear in their places, (o) PLauts 
become defoliated or the rachis is long, (d) Pollens are many, 
light, dry or with expansions, (e) Anthers are versatile, 
(f) Stigmas are feathery. 


Exercise VIII. 

1. What are the different methods by which pollination is effected ? 

What is cross-pollination.—C. U- 1914, 1913, 19G9.' 

( 

2. How would you recognise that a certain flower is a wind- 
pollinated one ? What are the advantages and disadvantages of this 
mode of poUination.—C. U. 1912. 

(filnt: 7 -For the second part, pon^ult advantages and disadvantages 
page i46). 

3. Give a short summary of the vaidous contrivances favouring 
croes-iettilisatiomof plants.—C. U. 1929* 1918. 
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FKUIT 

When pollination and fertilisation are over, all the parts 
•of a flower may fall off exce])ting the ovary. We notice that 
when stamens and eari)els are mature, the protective sepals 
become functionless, hence they wither and fall off. Petals 
are of no servi ce to the plants -when insects have been 
attracted and pollination has thus been effected. Stamens 
also become useless when their pollen has dropped or has 
been taken away by the pollinating agents. So, they wither 
and are disconnected from the plants. T^ast of all, the styles 
and stigmas fall off, when the germination of the pollen is 
complete, and the pollen-tube, j^assing through the styles and 
stigmas,fiias helped the union of the two sexual cells. Thus 
all the parts of the flower may vanish after discharging 
their respective functions except the ovary which remains 
in the flower to develop in connection with the formation 
of fruit. 

Definition of fruit. 

♦ 

Fruit ie the result of all the changes that take 
place in oyary and sometimes also in other 

peraiirtient barts of the flower induced by fertilisatiQn. 

If tbe^ in the ovary remain unfertilised, normally 

ijg^^0|fur£h^r^Qwth of the ovary and the formation of 
imilosstble. 
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True and false fruits. 


Fruit, arising from ovary only, is true. But there are 
fruits which arise not only from the ovary but all other 
persistent parts of the flower which develop, become fleshy 
and take part along with the ovary in the formation of the 
fruits. These arc known as spurious or false fruits. The 
well-known example is ah^ta, where besides the persistent 
free ovaries, the five sepals become fleshy and take part 
in the formation of the fruit. In tepari, the thin membran¬ 
ous, persistent calyx encloses the fruit. Sometimes tlie 



Pig. 104. 

False fruits of 
Hijili-bndam 
c — Peduncle 

fruits. Similarly, 


stimulus of fertilisation extends from the 
ovary not only to the sepals but also to 
bracts, and in some cases, even up to 
thalamus and peduncle. Thus, fruits 
arising from inferior ovaries may be 
taken as spurious, as the deep cup to 
which the ovary is adherent, is nothing 
hut thalamus. The fruits of knmro, 
shasha, peyara, kola, etc* are all 
spurious. Hijli-hadam, with its per¬ 
sistent and well-developed fleshy 
peduncle, is another exam])le of false 
aiuims, darnnr, kaatal, with their 


persistent rachis, are all false fruits. 


Parts of a true fruit. 

* 

The wall of the true fruit, meant for protecting and en¬ 
closing the seed or seeds within i^, is known as the pericarp. 
In dry fruits, this is usually simple and thin, but thick and 
flesliy in fleshy fruits in some of whicli the three layers can 
he distinguished as follows ;— 



MOKPHOLOCtV 


Xo6 


(a) Epicarp or the outeruiost layer representing the skin 
ot tile fruit.' This is smooth and shining in am, amrah, etc. 
In dhutra, it is provided with prickles. 

(h) Mesocarp or the middle layer which is usually 
fleshy and fibrous. 

(c) Endocarp or the last l^yer which contains seed or 
seeds. This is called stone when is very hard. 

Functions of pericarp. 

(1) It is chierty used as a protective case for the seeds, 
as in matar. 

(2) It heli)s the scattering of seeds by wind when 
it is winged, as in madhobilata, chupri-alu. 

(3) The dehiscence of it is a contrivance for the dispersal 
of seeds, as in dopati. 



tL 


Fig 106. 

iiB.; B— ^ethi. C —^Nuneyshak, ■ 

; paiatai|is aUfiicient temperature required during 
tn 


akan. 
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(5) When fibrous, it bel])8 the seeds to iiofi||t on water 
in connection witli their disi>erftal to distant loca^ties, as 
in nankel. 

Dehiscence of fruits. 

Fruits with a dn* pericj^ dehisce in most cases in order 
to liberate tlieir seeds wh^ fnature. Indehiscent dry iruits 
■do not liberate their seeds. Fleshy fruits are usually 
indehiscent with a few exceptions, as nahhe, phnti, 
dhundut, etc. 

There aie several ways in which dehiscence occurs :— 

' A. Regular 

(a) In unilocular ovary with marginal placentation. 

1 , Sutural. —Dehiscenc takes place along the sutures 
—dorsal, ventral or both. The parts, into which the 
j)ericari> breaks up, are called valves. Matai\ akanda^ 
Jcarahi, shim, etc. fruits dehisce along their sutures. 



Fig. IOC. 

Dehiscence of fruits. Lo.I^ooulioidal. Sc-^SiBpticidal, 

Sf SeptifmgERl. 

0 

(b^ In uiultilocular ovary with axile placentation. 

1. Septicidal. —Dehisdeno^ occurs along the middle 
of the septa or.partition walls. As: each valve .corresiionds 
to a carpel, the fyuit is separated into as many valves as 
there are carpels, as in etc. 
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2. Loculicidal. —Dehiscence occurs alon>( the dorsal 
sutures of the carpels. Each valve, separated from the 
central axis, consists of a partition wall which remains in¬ 
tact, as in shimool, kapax, etc. 

3. Septifragal .—Dehiscence takes place as in loculicidal 
or septicidal ways, but owing to the rupture of partition 
walls, the seeds remain attackad to the central axis, 
as in dhntra. 


B. Irregular. 

1 . Transverse. —Fruits dehisce in such a way that the 
upper part of the pericarp is separated iVoin the lower, like 
the lid of a box, as in moroyphul, noDneiz-fihafj, etc. 

2 . Porous. —Fruits dehisce to liberate the seeds 
through pores formed at tlie apex or base of the c ipsule, 
as shealkanta, poppy, etc. 

Chief Classes of fruits 

There are three chief classes of fruits ;— 

A. Simple fruit is formed from a single flow^er having 
monocarpellary or synearpous polycarpellary ovary, as 
in sharisha, am, narikel, etc. 

B. Aggi|egate fruit is formed from a single flower 
having apocaifl>ous ovaries, as in champa, padma, ata, etc. 

C. Con^ouhd or multiple fruit is formed from many 
dowers at a alLbelonging to the same inflorescence, as 
in kantal^animx^ dumoor, etc. 

Frufts am superior, when they arise from sujierior 

when arising from inferior 
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A. Simple Fruits. 

They iriay be dry or fleshy. Dry fruits artj further 
classified into dehiscent and indehiscent. 

1. Dry dehiscent fruits may be again classified 
according to the number of carpels from which they arise. 
1’hey are as follows— 



Fig. 107. 

Aggregate fruits. A—Ata. "B—Sirmoberry. 

(l) Monocarpellary or consisting of one carpel. 

(a) LfCgume is a suiierior fruit containing usually many 
seeds. It dehisces along both ventral and doi’sal sutures. 
It is the characteristic type of fruits found in 'nmtar family 
as hjJc, atiisi, chimrbadavi, apamjita, etc. 

(b) Lomentum^ is a leguifie, but it is alternately con¬ 
stricted and expanded in forms. Between any two cons¬ 
trictions there is a chamber containing a single seed. 
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Usually it dehisces transversely along the constrictions, as 

« 

in the fruits of babla, lajjabati, tentui, gila, etc. 

f 

N. B. This term is sometimes loosely applied to other ft»rms of 
tntnsvcri^ly constricted fruits. 

(c) Follicle is a suiwrior fruit with one or more seeds. 
It dehisces along the ventral suture only, as akanda, kuivhi, 
iimlatii etc., where the fruits anise in a pair from a single 
flower as the two ovaries are free. 

(2) Bicarpellary or consisting of two carpels. 

(a) Siliqua is a superior many-seeded fruit which 



Drv 


Fig^ 108 . 

ahh^nt fraita,. , A—liegume. 


B-rXjomentum. 




heiow iptp two valves. The ^eds 

tlie fal^ jiartitjornwall, called 




ovary becomes bilocular owinjg to 
of this ieplum. The placentation of ovary. 
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is parietal. Sarisha, mula and other plants pf the family 
produce this type of fruits. 

(3) PolycftTpellary or consisting of more than two 
carpels. 

(a) Capsule is a superior, many-chambered and many- 
seeded fruit, which dehisces by pores, valves etc. The 
placentation of the ovary id^ usually axile. Simula dhanras 
and other fruits of the family are good examples. 

II. Dry indehiscent fruits. The penoarp usually 
remains in contact with the seed. It helps the seeds during 
their dispersal or-during germination. The fruits are classified 
as follows :— 

(I) Monocarpellary 

(a) Achane is a superior, unilocular, and one-seeded 

fruit, the dry pericarp of which 
is separable from the seed, as 
in ban palang, ohha^alhati. etc. 

(b) Caryopsis a^ees with 
the achene but the pericarp is 
fused inseparably with the 
testa of the seed, as found in 
the fruitlets of dhan family. 

(2) BicarpeUary. 

(a) Cypaela is an inferior, 
one-oham bored and one-seeded fruit in which "the persistent 
pappus calyx, forming a crown at the top, helps the dispersal 
of fruitlets by wind. The placentation of the ovary is 
The fruitlets of aurja nvakhi, kuku/r sonJca md other plants 
•of the same family are good examples. 

11 



Fig. 100. 

Caryopsis of hhutta 
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(3) Tiicarpellary. 

(a)' Nut is a one-chambered and one*seeded fruit in 
which the pericarp is woody or leathery, as found in many 
palmst paniphal, etc. 



Pig. 110. 

Dry in^dtiscent fruits. A—Aohene of chhagedbatu B—l^ut 
oipimiphal, G—Saiaaraof madhobildta. D-Cremocarp 
. M dthama, E—Gremocarp, when dehiscing. 

s • 


(4) Winged. 

(«} is a supericn:, one>seeded &uit, the pericarp 




- 1 


in the form of wings required for the 
i^^eeds by wind, as founds in imdhobila^t etc^ 
iciile^ iruks. 3?he periea^ hres^jb^ 
dr, in a few^cases dehiscemt, parts, each 

C t ^ I , , i> 

a siiigb seed. 
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(a) Cremocarp is an inferior, two-chambered and two- 
seeded fruit which splits up into two indehiscenfr parts, 
called mericarps attached t6 the common axis, called 
carpophore, as in the fruits of dhania, mouri family. 

(b) Regtna is a superior, three-cha*hibered fruit which 

breaks up into three dehiscent chambers, called cocci, each 

containing a single seed, as found in refhi, cmriUy etc. 

► > 

Fleshy fruits. The pericarp usually consists of three 
layers one of which at least must be fleshy. 

(a) Berry is a fruit the whole pericarij of which is 
fleshy throughout, with many seeds, as found in bcL^oon^ 
peyara, anyur, rntpya, etc. 



Fig. 111. 

Fepo fruits of tarmiu. 

(b) Bcpo is an inferior, mahy-aeeded fruit in which 
the epicari) is tough while th^ mesooarp and endocarp ar^ 
fused to form a pulpy mass in which the seeds lie embedded^' 
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The placenfcation of the ovary is pariofeal, as kumm, tau, 
shaftha\ tarmnz, etc. 

ic) Hesperidium is a su])erior, several-seeded fruifi in 

which the upper two 
layers of pericarj) are 
•!< fused to form a leatliery 
rind of the fruit, while 
the endocarp forms the 
chambers from the inner 
walls of whicli many 
juicy cells api>eai‘. The 
idacentation of tlie ovary' 
is axile. All kinds of 
nehu are examples of 

this tyi>e of truits. 

(d) Drupe is a supe- 
1 ‘ioi’, one two-seedetl 
fruit in whicli the 
pericarp is differentiated 



Pig. 112. 

Ploshjf- fruitK. A — Drupi) of aw. 
B—Hesyoridium of in’hn. 


into three layers ; the epicarp is soft ; mesocarp is ffeshy, 
fibrous and edible while the endocarp is very hard and 
stony. Am, mm ah, kuj, peach, et<}. are good examples 
of this type. 

B. Aggregate fruits. 

f i ' 

They t^Vmed from many free ovaries of separate 
of 4.; flower. Thev. fruitlets are aggregated together 
Toa thi; Tliey remain separate, as in chmajm. 

ipa, jAdwa or they form a fused mass, as 
etc. 
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C. Compound or Multiple fruits. 

•a) Sorosis arises from a spike consisting* of many 
small female flowers. The rachis, along with the ^varies 
and perianth of the flowers, develops simultaneously and 
becomes fleshy and fused into a single mass. 



Pig. 113. 

Sorosis of kantal. A—Young spike. B—Male flowers 
C—Female flower. D—lijng. section of the fruit. 

In kantal, the huge, fleshy and club-like body in the 
middle is the rachis on which are many fleshy chambers, 
each situated in the axil of a fleshy bract. In each chamber, 
the, outer fieshey edible covering is the perianth. Just^ 
out side the single seed of each chamber there is a thin 
membrane which is the pericarp. The spinous projections 
of the fruit are the persistent* stigmas of the dowers 
of the indorescence, some of which become fertilised and 
deshy while others remain unfertilised. 
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Tn anams, another sorosis, the eyes on the fruit are the 
stigmas. -The bracts are fleshy in their lower portions 
within*the h*uit, while their upper parts outside the fruit are 
leaf-like. The rachis is fleshy on its outer region but hard 
in the core. The edible part consists of fl^eshy portions of 
rachis, and bracts asr well as perianths and pericarps all fused 
together. The rachis produces a cluster of leaves at the 
head of the fruit. ^ 

(b) Sycanus arises from a hypanthodium of which 
the deep cup-sha|^d fleshy rachis contains many minute 
fruitlets, each having a jjericarp. The rachis is the 
edible part of the fruit of dwnur. Other examples of this 
tyi>e are hot, aswatha etc. 


Edible parts of some common fruits. 


F?uit« 


1. 

Am 

2. 

Nebti 

d. 

Narikfil 

4. 

5. 

Dipntr 

6. 

An0ur, 

7. 

Kola 

B. 

Peyas-o 

0. 

Ckatki 

10. 

Dh o^ 

u. 

Mtkarl 

la. 

« 


la. 

Lichncl 

Ur 






• * 


I» ■ 

V 

* 4 ^ 


Kdible parts. 

Mesocarp. 

Juicy cells in the form of hairs appearing 
from the walls of endocarp and placenta. 
Endosperm and the spongy ball of cotyledon. 
Seeds and deshy perianth. 

Rachis. 

Pericarp. 

Endocarp. 

Thalamus and pericarp. 

Persistent fleshy sepals. 

Endosp^m. 

Ootyledons. 

Inner layer of the pericarp. 

'4 Aril (outgrowth, of the se^ c^t). 

Rachis (outer ]^rticm),, 'hiacte 0cnver pofUdn), 
perianth and periearp. 

^ Thalamus. , 

Outer odats of the .seeds. ^ 



Tabular summary of the classes of fruits. 

Fruit 
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Some common peculiar fruits :— 

(1) Khejoor is a berry though it looks like a drupe. 
The ou£er thiu skin is epicarp ; the inesocarp is sticky and 
edible. The stone is the seed and not endocarp which 
surrounds the stone as a thin membrane. 

(2) Narikel is *a fibrous drupe having the three 
well-differentiated layers whic^ include the stone. The 
trilocular ovary is reduced to a dry, one-seeded, unilocular 
fruit. Just beneath the thin epicarp there is the fibrous 
mesocarp which surrounds the shell or endocarp. The 
brown layer covering the edible endosperm is the testa. 

(3) Till is a drupe with its stone as the endocarp. The 
seeds are two or three in number. 

(4) Kola is a berry though the seeds are usually absent 
and the fruit arises from inferior ovary. 

(5) Nashpati is called a pome : the edible part is 
formed by the fleshy hollow thalamus enclosing the ovary. 
Apel (apple) is another example of pome. 

(6) Lichu is a nut ; the skin is formed by epicarp and 
mesocar^;^; the endocarp forms a thin membrane covering 
the aril ^ edible part, (see seed). 


Exercise IX 


1. What fe a fruit ? How would you distinguish between true 
fruit and false fruit ? Give a short account of the classification of the 
vaifious kinds of frufts*. Cite examples.—C. IT. 1980, 1927, 1925,1922, 


1921, 1918, 19fS. i 

2. BescHbl)' in *bolanioal tierms, the edible parts of the mango^ the 
^ ^ne-a^Je, the guava, tl}e lichi. the cocoanut and the moCg—. 

tbe brinjal and shim.—C. U. 1911. 
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SEEDS AND THEIR DISPERSION 

t 

Seed is the product of all changes taking ;)lace in the 
ovule induced by fertilisjition. It Is a ripened ovule, an 
integurnented sac, in which the fusion of male and female 
cells has occurred. 



Fig. 114. 

Seeds. A—Kxalbtiminous. c—ootyledon. pi—plutnule. r—radicle. 

B—Albuminous, en—Endosperm, e—Embryo. C, D—Peris-* 
pennic. p—Perisperm. E—seed with 
caruncle. F—Comoseseedof Akartda. 
a—Seed coat. 

Let us study the changes that usually occur in the ovule 
du%ng its conversion into seed. The two integuments 
are persistent. Undergoing some change and becoming fit 
for the iMTotection of the embryo, they are converted into 
testa and tegmen. The funicle of the ovule forms the 
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Stalk of the seed. The oi,)e]iing through the integuments or 
the micropyle is traced in the seed. As nucellus is usually 
wholly absorbed by the embryo during its development, the 
inner portion of the seed consists of only embryo, or in 
some cases, it is accompanied by a nutritive mass called 
endosperm (page 15)f Thus, seeds may be albuminous or 
exalbuminous according to th^ presence or absence of 
albumen or endosperm. 

Barely, there are seeds where the nucellus is not com¬ 
pletely absorbed. The ixirtion of nucellus left behind forms 
another nutritive mass caUed perisperm. Where i^erisiierm 
is present, the seeds usually have also endosperm in them. 
We find the following three types of seeds. 

(1) £x-album^ous seeds consisting of embryo and 
seed'Coat. 

(2) Albuminous seeds consisting of seed-coat, embryo 
and endosperm, 

'(3) Pcrispcrmic seeds consisting of seed-coat, embryo 
and perisjiRrm. (Endosperm is usually present). ' 

Ovule and seed compared 

tiet us trace .th|^ cor responding parts of an ov-ulft when it is converted 
into a seed. ^ 


V 

‘Qvul^, ■■ f 

Oullier inteinmeht 


Seed 

1. 

Testa 


2. 

Tsgmen 


3. 

Micropyle 


4. 

Stalk 


5. Embryo and sometimes 
endosperin. 

‘6. Perispem dr absent 
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1. Aril or arillus isj another seed-coat which grows 

ccasionally from the* base, of the 

ovule and is loosely arranged on 
the seed. In Uchu, ans-phal, etc., 
it is fleshy and edible and it 
surrounds the seed. In uchhe, the 
fl.eshy covering of the seed is also 
aril. In jauph'U, it arises from 
Pig. 115 lihe mioropyle. The ridgO'-like 

Lichi fruits outgrowth in rerhi seed on the 

testa i& caruncle. 

2. Comas are tufts of hairs arising on the seed, as in the 
seeds of akanda, shtniool, kapas, etc. 

3. Wing-like outgrowths arc sometimes developed 
on the seeds, as of sajina, mahoganffy begonia, ©to. 



Dispersion of seeds : its need. 

If seeds after their liberation from fruits bg deirisited 
on the soil directly under ^tlie plant, they can not find 
all the conditions favourable for germination. The light and 
the air are insufficient for them as they are shaded by the 
mother plant. The poor soil from which food materials 
have been to a ^at extent used up the mother plant, 
can not provide them with food. So, most of the sellings 
perish in the struggle \mder such unfavourable conditions. 

.If f If all the seedlings be allowed to die in this way, the 
species to which ^e seeds belbng can not he tuaintained* 
Thiis» in ord^r to enable most of the seeds of a plant to 

f , I 

propagate their species, wonderful provisions 
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made by nature »catter tlieiii to such localities far away 
from their mother plant, that they can find the conditions 
for their growth suitable. 


Agents for dispersal 

Plants have no i) 0 \ver of locomoti()n nor have the pt>\ver 
of throwing their seeds always to a great distance. Tims, 
they are to depend on some agents for such dis}.)ersal. The 
agents are wind, running' water, animals, birds, etc. 
Bometimes, they themselves adapt some mechanical contri¬ 
vances in order to serve this purpose. 

A. Dispersal by wind. 

1. Seeds of oi'chids are very small and light so they 
can easily be carried away by wind. 

2. Fruits or seeds witli wing-like expansions are adapted 
specially idt this purpose. Sajina, imichlcunda, parul, nhal, 
nuidhobllata are examples of this type. 

3. Seeds w’ith comas are carried away even by the 
gentlest breeze. Akanda, karaln, nimool, kapas seeds are 
dispersed in this way. The iiersistent hairy styles of 
thhagalbaii look like plumes. The fruitlets of kukursonka, 

I ^ ^ 

surjamukhi ara provided with a crown of persistent calyx 
looking like a iiafraasHute. This crown makes the fruitlets 
buoyatit in*th4 air. "the hairy fruitlets of many is a 
comifioB/obsbeiWj^tion in the meadows after the rainy season. 

4;-W3^|)he at the apex or by 

or teeth, seeds come gut of the fruits a few 

'i#'' 4 
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at a time, when jerked out by a gust of wind. This is found 
in the fruits of ahpalkanta, poppy, dhanroa, dhutra Ate. 

B. Dispersal by water. 

« 

Running water helps much in the dispersion of fruits of 
atpjatic jilants, as padvW^, nhaluk, or plants growing on the 
river-hank ()r seashore, as narikel. These fruits possess 



Fig. 116. 

Wind-dispered seeds or fruits, a—-Orchid seed, b—Fruit of 
.sM. Q—Mndhobilata fruit. 6.-*Akanda seeds coming out of 
the fruit, e- - Chhagaibati fruit. i -Kukur&mika fruit- 
lots. g~ f'oppi/fruit. h—Elmmhd. 

air si)ace8 in any. part of them, so that the light bodies 
can easily be drifted away in the current of water. In 
padma^ the thalamus on which the fruitlets lie embedded 
is spongy and light. ; 
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C. Dispersal by animals or birds. 

1, There are Konrie fruits or seeds wiiich are provided 
with hooks, spines or hairs. These may be {lersistent styles, 
stigmas or even bracts.^ They may adhere to the bodies of 
the grazing or passing animals, or to the clot|)ings of men, 
and are thus transported to a gr^t distance. These are 
found in hofjnakha, chorkanta, apamj, hana, etc. Sometimes 
the seeds are so sticky, as in chita, that they l)ecorae easily 
attached to the fur of animals. 



: Fig, 117. 

Seeds or fridts dispersed difierently. a— H&mkra. h'^Apang. 

d — ATaiar. e-^Merhi. g-^Dh€pH, 

2, $’feh| like peyara^ dumur, neem, hot, khejm, 

are by birds or animals. In sokn^ eases, their 

'k'i_1™ i-u- ..-.J_1- 


,Soq^ 


1'^ be. erushed by the t«iPi . of animals, 
Theibulb'Ollim. l^ is digested but the seeds passing 
. of animals are not injured and 

tebitnnS of germin^ing on a locality lar from 
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8. JVuits, like telahttcha^ makal^ etc., are higjily attrac¬ 
tive to the birds for their rich colour. The birds, devour 
the luscious juice but reject the seeds. 

4. lu anym\ all kinds of nebu^ etc., the seeds are bitter 
or distasteful, so they are always thrown away while the 
fleshy portion of the fruits is taken. 

5. Seeds of rm, have'JH>®ctiliar markings on theih for 
which the birds take them as insects but throw them away 
to a great distance when found deceived. The red seeds of 
champa also deceive the birds in the same way. 

6. Water-fouls, ducks, etc., visiting ponds after ponds in 
search of their food u^|^lly disseminate many sticky seeds 
of aquatic plants by oaihfying them in their muddy feet. 

D. Dispersal by mechanical contrivance. 

Fruits, like dhopati, when fully mature, burst with an 
elastic force to eject their seeds in all directions. The fruits 
of dhundul discharge their seeds with great force from their 
open mouth like shots from a pistol. Other fruits, Ills amvml, 
aimiU, act in the same way. Usually, the ejection takes 
3 )lace when the atmosphere is very dry. Legumes of makir 
atmi\ etc.,, scatter their seeds mechanically. 

£. Disposal by human beings. ... 

t 

In the inodem civiliaatipn, people travelling from one 
climate to another may carry plants dr parts of them, 
out of fancy or fdpr economical ^rpose. For this reason, it 
is usually observed Jh a plant quite unknown to the 
climate sudd^ly grdws up apd thrives well. Sometimes, 
people help the migration without the knowledge of the 
seeds they/.carry. 
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Summary of Chapter X 

1. Seed is the result of changes occuring in the ovule induced by 
fertilUation. Seed may be albuminous, OX-albumlnOUS or perlS- 
pormic. Usually a seed^ is covered with a coat which encloses the 
embryo and also endospcviii, if it is present. 

2. The outgrowths of seed-coat ma^be arllS, COmaS, or Wing'S. 

8. Seeds* can not get suitable conditions of germination and 

growth if they are plticed directly under the mother plant; hence thev 
are to be scattered. 

4. The agents for dispersal arc Wind, wator, animals, birds etc. 

5. Wind-dispersed seeds may be small, winged, hairy, or may colne 
out of fruits when jerked. 

6. Water-dispersed seeds are usually helped by the prusonco of 
air spaces. 

7. Seeds or fruits are dispersed by animals or birds (a) by clinging 
to their bodies ; (b) by the digestive process of their stomach ; (e) by 
their attractive colouration ; (d) by deceptive appearance ; (e) by being 
distasteful ; (f) by attaching themselves to the muddy feet of water- 
birds. 

d. Seedf are dispersed by explosion. Huma)i lyeings also distrilnite 
the s(itjds ftom one climate to another. 


Exercise X 

I I 

1. Describe frpnl your o^yn observations the various ways in which 
seeds are scatiere*!, . Of whai importance- is this dispersal to the 

3.' l^sorile the ways by which fruits and seeds ai'e distributed with 

structures in them. 7 - 0 . Q., 1933. 



PART II 

HISTOLOGY 

9HAPTER I 

CELL 


Up to tTie present, in our study of the vairious members 
of plants, we have only examined their structures from out¬ 
side. Now apart from the external structure of the organs, 
we should know something of their internal structure. So 
far OUT naked eyes have been sufficient for tha study of the 
external structures hut to deal with the'minute internal 
structures, we are to take the help of the microscope, an 


instrument, by which minute objects are highly magnified. 

If a very tliin slice or section, so thin as almost ^tran s- 
parent, be taken from any part of a plant member and 
examined under the micrps^pe, we find tihatifk is divide d 
up b y a network of walls into nunjerous minute chamber^ 
of similar or different sizes and shapes. These compart-j 
ments look very much like the cell of a beehive. It is for 
this similarity that the early aiiatonaists japplied the 


'ogjt’ to the chamber^ 


12 
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In the year 1667 an EngUhhman, named BohecL Hooke, 
first^scovered eells in plants. He was a dealer m .pictures 
at microscopic objects and his first picture concerning plants 
was that of a piece of bottle cork* Hooke’s discovery was 
very soon followed by the works ol two eminent men— 
Nehetniah Grew in England and Marcello Malpighi in Italy 
They are regarded as the foundejiP of Histology. 



Fig 118 # 

Different kinds of nhaola as s^en undec the microBCope. 

I . * 

Ceil# M tiie li^toic^ical utiits o£ the plant struc* 
tut#• JuM ae a h#nse» hs a whole, is built up of many small 
separate adcks, so the whole body of a plant is composed 
of^ A Atunbe of definite parts which are themselves built up 
i^jSin)^'%Avidaal^pfkts corresponding to the bricks of a 
^llis similarity does not extend far, as th# tiny 
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l)art8 of the plant are living and growing. Thus, every organ 
of the plant must be composed of those histologi^l units 
wliich go to build up the body of that organ. 

Parts of a typical cell. 

li some gr^n filaments of Shaola be taken out of water 
and examined under the loH^power of the.,microscope, they 
will be found to be composed of rows of cylindrical cells. 
Similarly, a thin layer of an onion scale may be examined 
under the microscope, wheat a large number of more or less 



P%rtB of a coll. A—Protoplasm filling up the wholo cavity 
of the cell, ol -Cell-wall, u—Nuoleufi, B—Vacuoles 

formed in the protoplasm. C—Protoplasm lining 
the cell wall ; Vacuoles coalesce to form one, v. 


rectangular cells will be noticed. The walls of these cells 
are clearly visible, and the clear spsee, enfelosed by the walls, 
is occupied by a semi-fluid jejty-.lil^substance which being 
more or Jess transparent can not be ordinaliiy seen unless 
it is gtaiued with any suitable reagent. This semi¬ 
fluid substance, found in every living cell, is called 
protoplasm and the boundary walls are known as cell- 
walls. If the onion scale troated^^th.iodinaaoliddon 
the protoplasm is staine d yellow . Witbin the protoplasm 

• «w M-# An i-w* ^fcJiiii IT nr nmill ^ ^ 
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can be made out a small body more deeply stained than 
« _ 

the suiToundiiijj protoplasm., This is called the nucleus 
of the cell. The protoplasm, the nucleus and the cell-wall 
are the three most important constituents of a living' cell. 
Most of tlie cells are ^ni-niiclet^t e. i.e., each of them 
conta^_jat. single nucleus. In low er plants, certain cells 
are inultinucleat e. 

On examining sections, taken ;a_.Jittle below the growing 
ix)int, we find that the cells are somewhat larger and the 
whole cavity of a cell is not entirely filled u]> with proto- 



Fig. 120. 

Naked cells of lower plants, a—Plasmodium, b—Reproduotivo 
ce^ of Ulothrix. c—Reproductive cell of Vauoheria. 

. d Mklale sexual cell of Moss. e — Male 
^ cell of Fern. 

plasm but feops of water appear in it. This wat^ containing 
solliible aod;. insoluble sulistances in it, is calle^^cell-§ip. 

filled up with cell-sap are called^.yjainioles. As 
tl?e ;cjll% goes on, the several vacuoles of a cell 
a single large cavity generally in the middle 
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^)f■ the coll containing cell-sap. Protoplasm, at this stage 
with its contained nucleus forming a layer lining the 
cell-wall internally, is called the primordial utricle. 

Cells -living and dead. 

Tlie living substance or tlie protoplasm is lusually 
bounded by a cell-wall. IBius is coinmon in all the living 
parts of the plant. Wljen a .cell_con^i§t8.- 
ofjirQtoplasni .,jmt -enclc>se{J by any .wall, the .cell. 

Naked cells are usually found in cpnnection with the .work 
of reproduction. Hence these are also called reproduc-, 
tiye cells. fc^xual cells, specially of the higher plants, 
are generally naked. Vegetative cells of the lowest order 
of the plants are, in some cases, naked. 

When the protoplasm of an old cell vanishes, and there 
remains nothing within the cell-wall but air or water, the 
cell with its bare framework is called dead. Dead cells in 
plants, thougli ai)parently useless, usually serve some imi)or- 
tlLnt functions. In cork or bark, the dead cells are p|otective. 
In wood or other harder pai'ts of plants, the thick cell-walls 
of the dead cells discharge mechanical functions. Long 
tube-like dead cells, in the interior of plants, conduct i:;aw 
food materials absorbed by the roc^ts. 

Unicellular and Multicellular plants. 

In the study of lower plants, we shall find^that the plant- 

body is usually com];K>sed of one or several similar **06116. 

With one cell only, plants are unicellular. Plants arc 

multicellular when many cells form the plant structure 

Higher plants are always multicellular. They consist oi 
^ ^ 
aggregations of cells varying in shape, size and functions. 
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PROTOPLASM 
Compositioti of protoplasm.^ 


This living matter of the cell is a highly complex subs¬ 
tance. It consists of a mixture of various substances 
called, by chemists, proteids which are more or less 
similar in composition to the whites of an egg. The proteids 
are composed of five elements,— carbon, hydrogen, 
oxygen, nitrogen and sulphur. An active protoplasm 
contains a large proportion of water besides the proteids. 
P rotoplasm ia inAn^piihlA any iuuctloQ Uixkss it is 

^/^rm eated w ith water. 



Fig 121. 

Cells of Pataahaola uhowing rotation of protoplasm in the cells 

) 

Funcdoiui of protoplasm. 

ProtopUsm * is the fiaat all the vital activities of a 
plant. So hobg Ihe living substance is present, plants are 
eapabls tf <|arrying on all their functions vie., absorption 
cl Ifiteid, diration, growth* respiration, transpiration, repro- 

is found s to be. 

"^ ^dnariag-their resUng period. 
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P rotoplagmJs.&.MgMg iiritfeble. aiiligliamie. It j i» h^fafy 

S'S, h^t, ii^li 

moisture, etc. It^is simply fiiie to this iriital dit|^^ 

.Other 

examples showing the irritable nature of protoplasm will‘ he 
explained in the chapter ori^Physiology. 

Movements of protoplasm. 

Living protoplasm, in some cases, exhibits peculiar move¬ 
ments within the cell. These movements, manifested, are of 
different kinds in different plants. 



Fig. 122. 

A cell of kum o hair showing circulation of protoplaiii|. 

1. The rejBiad^^ bwea* jrfants 

are^motib, Jliltopblliib ^a, 

developed at their ends, help their moyement in water or 
dew drops. This is called piliairv mnvjMutigit of Timf.ftyiU.flnv 


dew drops. This is called ^ 

^ ^ ^toiAHfiaHbMWT^ 


2. obse^^ hi 

mas s of the protoplasm of a. mmitSciiU f ffimgu s)., found, 
m damp soil, In 6rder to engifff it s^Cwd is amoeboid ! 

,, 3’ The mov ement of the heil-WaU . 


know n,; as' ^^rtraaia^ niovei^yiiin i mpstlf'Obsetv^':iff 
the Uwng^ cells of^mg^ ^hisis o^ t^^ 

fotatim Llji^ When of 

i%;i^ cell 'is ''conG$aht^lt';ds;',^rlN^ fobfd-'-In 



184 


HISTOLOGY 


cellH of IhUasJuuiln and many other aquatic plants. But 
when the direction is not constant but always changing 
within the cells, it is called circulation. This is found in 

where the primordial utricle 
is found to be connected, by tlie threads of protoplasm 
which traverse the T^acuole and meet in the centre where lies 
the nucleus. The moving graiyifles run ui) one thread and 
down another. Btita ti on i s generally o bsen^ed jn.., water- 
plants whilo^ cir^latloii is ^ l>lants. 


j^ests for protoplasm. 


1. An active protoplasm gives an alkaline reaction. 

2. Ft coagulates when treated with alcoJiol or acids of 
any strength. 

Iodin e stains it brownish ycollw. 

4. It is soluble in dilute caustic potash and in Eau- 
de-Javelle. 

5. Treated with acid nitrate of mercury', called Millon’s 
reagen^ it becomesj^bnck red in colour. 

6. When coagulated, it absorbs colouring matters as 
of eosin, safranin, carmine, etc. 


Parts of protoplasm. 

Cytoplasm^ nucleus and plastids are the three 
diffenStjaJST part^'^^ich form "^ccStfectively the living 
substance ;of a^typical vegetable ,cell^ 

A. ^ Clrtppln^—It is the semi-fluid granular substahce 

It is the ground substance in which 
embedded. ^In,,a naked cell, it may 

ner is endoplasm. Usually, when 



in the ceil, 
pki^ida lie 

and the it 
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the naked cell is to serve its functions in water, the 
ect()])lasin projects and forms ^water, 

and act like the jears of a boat. 

In a walled cell, the thin outer layer of cytoplasm, being 
free from granules, is tiajaspaj:ent..iji..aipp 3 aran^ This is 
ectop lasm. The inner layer is granular and turbid in 
ap]>earance. This i^ eadoplay n. Nucleus and plastids 
always lie embedded within it. When a eell grows and 
vacuoles appear within lb, another layer of cytoplasm may be 
difTerentiate<l sun’ounding the vacuoles. This is tonoplasm. 


B. Nucleus —It is the condensed body of cytoplasm. 
It jcontrols and directs, all the. activities ,of the cell. It 
takes a predominant part in rejiroductive functions and in cell- 



Fig. 123. 

Beating imcleua with its parts, 
ra—Membrane. l,t.—Liniii 
threads. N—Nucleolus. 
c-^CytoplasTO 

are numerous minute bodies 


divisions. It is bonevc omb- 
like in apiiearaiice and usually 
ovd^ju^JoriS: It consists 

of the following parts : - 

1. Nuclear membrane 

or the layer which surrounds 
the main body of the nucleus. 

2. Npcleo-hyaloplasm 

or the jelly-like ground subs¬ 
tance ^thin the membrane. 

3. Linin threads are 

colourless h^aHne threads ly¬ 
ing entangled in the hyalo¬ 
plasm forming a net-work. 

4. Chromatin granules 

embedded in the tlireads. 
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6. Nudeoli are one or more j^nular bodies in the 
net-work. 

9 

6. Nuclear s^p -cavittes are numerous cavities filled 
with sap, 

X New nucleus in ^he cell is formed not out of the 
’ A cytoplasmic substance but by the division of old nucleus. 

C. Plastids. 


Plastids are also differentiated portions of protoplasm 
lying in the substance of cytoplasm. Like the nucleus, they 
are not formed from the cytoplasm but by the division of 
the original plasti,ds. They are not present in^ all the cells. 

As a rule, they are 
absent in Fungi. Bach 
plastid has a clear Bem i- 
-fUiid^ ground substance 
in which, there js a net- 
work of proteid threads. 

There are three kinds 
of plastids— chl^TOi^as 
tMs, chromoplaistida- 
and leucofdutids of 
which the first two,,a;re 
coloured and the last 
colourless. 

(a) Chlorojpiasti^ or 
ehlprofdasts are i^n 
in all the green parts oC plahis. 

/•a . . . Vv.frf.''. V ^ ' i * lW 



idh^roplast^ iu cw—0«U- 







CytCr 
eua 



11^:the cells of some, pairts of ifiante as 
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leaves, young stems, etc., develop in them the green colouring 
matter called chlorophyll, For this reason* the chlo- 
roplasts are also called ^lorophyll cotpuscfes. 
groun d substance,^ of the^ jdftaliij3a. dflv el yft ,;4als:.... 
whi ch the green pigm flntft . are dissolved.. Though chlo- 
roplaST^ are usually oval in fofmj there are other 
forms of them. In S^^roOyra, an Alga, the chloro- 
plasts are in the form of spiral bands. 

When a plant is a^wed to grow in darkness, the 
plastids develop a yellow colouring matter, called etiolin 
in place of chlorophyll, so the plant becomes pale yellow 
in colour. Again, a green plant soon loses its green colour 
when allowed to remain in darkness for several days 
together, but when brought to light, the plant may regain 
its normal green colour. 

(b) Chromoplastids or chromoplasts are those 
plastids which are coloured other than green. The rich 
colouration of many floral leaves, some fruits as, makal, 
telahwha and some roots as, gajar, heeU etc., is ^ue to the 
presence of chromoplasts in the cells. They take part in 
the formation of carbohydrates and may attract pollinating 
and seed dispersing agents. They are sometii^B foimd from 
chloroplasts, by the decomposition of . chlorophyll, like 
chloroplaiSts they may also be ^i^ed! directly from 
leuooplaatB when exposed to Ught. 

Chloroplasts and chromoplasts are thus ihe plastids 
which bear in them the pigments, hmoe they are known as 
<:hrpmaiapiioceS,^ colour-beaim 

(c) LettcoplastMs or l^piilnsts are those plastids 
which are not coloured as. the pi^pncnta do not appear in 
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them. They are found in the cells of the underfjround stems , 
and other f)ortions of plants not exposed to light. When 
exposed‘to light, they have the proi)erty of being converted 
into chromoplasts or chloroplasts under different conditions. 
{They are known as starch builders as their important 
function is to produce starch grains out of the sugar solution 
jffesent in the cells in the dark r^ons of plants. 


Vacuoles—their formation. 


Vacuoles, we know before, are cavities developed within 
the cytoplasm of a cell. These cavities are usually full of 
sap which contains various substances, some of which are 
soluble in water while others i:»eing insoluble remain floating 
I in W'ater. Some of them are organic, while others are in¬ 
organic. All of them are on theii* way to he formed by the 
active protoplasm or have already been formetl. 


When a living young cell goes on growing, growtli at 
first affects the elastic cell-wall which begins to distend. 
However distended the wall is, protojdasm always remains 
in close touch with it. But the rate of the increase of the 
protoplasmic matter is never in proixurtion to the distention 
pf the wall di^ng growth. Consequently cavities are formed 
within the cytoplasmic mass. These cavities or vacuoles 

are soon filled up with water which gradually contains 

1 ‘ 

many organi^ -and inorganic substances in solution, such 
as sugars, aalts, etc. In a rapidly growing cell, when 

all tl^e vaeuote combine to form a large cavity, it exerts a 
^ which consequently becomes a 

'n ■ - r '"V ' L 

ihi^ liniiig the cell wall. 
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Summary of Chapter I 

1. Colls—cells ai^the.bistologioJil units _pf the plant structures. 
All parts of plant-s are built up of these l uiorQ^pop iiy..elements 
•called cells. 

2. Parts of a cell—a living cell consists of eelPwail* pFOtOplasm 
and nucleus. 

% 

H. Living and dead cells—cells without any wall are called 
naked. With a wail, the cell is called walled. Dead cells 
are devoid of protoplasm. They serve three functions—(1) They 
protect the inner living cells of the plant ; (2) they give rigidity to the 
plants ; (3) they conduct food solution. 

4. Protoplasm consists of three parts—cytoplftsm, HUClcUS 
and plastids. It is composed of carbon, hydrogen, oxygen, nitrogen, 
sulphur, and phosphorus. Protoplasm serves all the vital functions of 
the plant. It is usually irritable. It can rotate or circulate It shows 
otluft kinds of movements—ciliary and amoeboid. 

5. Plastids are of three kinds -(1) Chloroplasts or green; (2) 
ChromoplastS or other than green ; (S) leUOOplastS or colourless. 

5. Formation of vacuoles—when cell-walls distend during growth, 
protoplasm, lying attached to the distended wall but failing to increase 
its substance, rapidly develops vacuoles in its body. 


Exercise 1 

,1. What isaoell? Describe a typical vegetative eell and give a 
short aooouut of the functions of the several parts, -‘C. IT. 1'924, 1921. 

2. What is protoplasm ? Where it is found in plants and what are 
its functions ? How do you tost for it ?-'C. U. 1911. 

3. %sgsihe Nucleus,-C. U. 192L 1910. 
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Protoplasin, with its differentiated parts, is the living 
content of a cell. Besides protoplasm, other substances, 
either solid or li<)nid, are present in the cytoplasm or in ||he 
vacuoles. They are the non-living contents of the cell. 


These non-living contents are of varied nature. Some 
are soluble, some insoluble ; some are to be utilised by plants, 
while some are meant for storage ; some are organic, some 
inorganic f some are useful for plant lives and some are 
waste products ; some are< acids, some are the salts of the 
acids, while others are colouring matters ; some are 
carbohydrates,' some oils, some proteids, while others are 
in the fotxn: of; <»rystals. ^ 

.^nneijpidly classified into solid and liquid. 
The oh^-^hd|cQpiien|ts stnrch gr«iiui, (2) aleurone 

Otlw solid 'dpntents. are 

axe (i) which usua^y 

&li andd^s; <3) eidds, <4) coloi^^ 
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A. Solid contents. 

(1) Star ch grains— They are the important food 

matters found in most parts 
of plants. They are highly 
useful during growth, so they 
are, as a rule, present in the 
growing apices of plants. 
They occur both in the dark 
as well as in the lighted re¬ 
gions of plants. They are 
Fig. 126. ajbsen t in FungL tQtalpara8ite8.v 

_*r **< 

Starch in the cells of etc. They are all carbohy- 

potato tuber. drates, that is, chemically 

they consist of the three elements—carbon, hydrogen and 
oxygen, of which the last two are in the proportion of 
two to one, as in water ( H 2 O ). The chemical formula for 
this organic substance is expressed in ( CsHioOfi )n where n 
is indefinite. The substance of a grain is Composed of 
cellulose, granulose and water. ^ 

Starch grains are mainly of two types—(a) assimilatory, 
or those which are formed in the green parts of jdants 

t ^ I 

exposed to light through the agency of <^loiopla$ts, (b) 
raaarvc or those which are formed, ip the dprk,/ de^seated 

, S I' - ■. * If*. J — 

poiiions of plants due to the work of kuoo^^sts. 

grains fimt of all appeear iU' the ohloro- 

plasts of the gri^u cells of leaves, ^ihs; other 

* ' ' ^ 

organs in’^ thaionli ptm^utej^m at the pxpense of the 
Bi^r j^rip^ueed by tl^ o^Stxueti^ ehloR> , 

phyil iand the They^are the direct products of 

asBimilation Ip the gim pa^s in presepoe p! rli^t« They; 
are unstable bodies, as they yery, soon undergo a change dtfie 
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to the action of a ferment, known as diastase, when they 
are again converted into sugar. 

Reser ve grains are larger bodies formed in the internal 
dark parts of plants, when the reconverted sugar of the 
assiinilatory grains is transported there. The sugar received 
by the leucoplasts is transformed into stable granules. 

The formation of a grain ‘ fir^g starts with its organic 
centre, called hOum, round which the grain grows. Leuco¬ 
plasts go on deix)siting new materials on the hilum in the 
iorm of successive layers, the denser of which alternate 



Fig. 126. 

Fonnfl of starc^ grains. A—Excentric grain. Concentric grain. 

, O-rComppm:^ Itrftjn. D—Half-compound grain. E —Starch 
^foi^ed'by the activity of Wcoplasts. 

T 

tegularly less densQ ones. When seen under the 

mlor<|®cppe,^fiid >efr^ive lines can be noticed op the wall, 
^'gjil^ession. These are the 

of^ gr^in. Tfes alternation of the lines is due to the 
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pi'esenoe of varying amount of water in the grain, the 
maximum amount being at the hilum. 

According to the arrangement of the etratified lines a 
grain may be concentric or excentric. When the lines 
are concentrically placed with hilum in the centre, it is 
concentric, as in tlie seeds of cereals goni, dhan. etc). 

When the hilum is at one ^'4^ of the grain and most of the 
lines are placed outside presenting the appearance of an 
oyster shell, it is excentric. This form is found in 
underground stems, as aiji, kachu, etc., aerial stems as of 
Qulmiclia, most of the roots and seeds (excepting the seeds of 
cereals). 

Reserve grains are either simple or compound. \Vhen 
the grains are all separately placed within the cells, they are 
all simple: But when the grains instead of remaining 
separate cohere to form a single body during development, 
they are compound, as in dhan,job, etc. Again, when 
several separate grains fuse together and the whole 
mass is surix)unded by a few common layers, the grains are 
half-compound. These three forms may be present in tlie 
cells of the same organ, as in the tuber of alu. 

Starch gradhs may be rourri, as in matar ; egg-^aped, as 
in ulu ; dumb-bell shaped, as iti manna, bhamrida, etc. 


Starch ia inejBtibk Jn.al^habyMi- c^ 
but wlien bailed with water, it tmd forms a 

pasfe. At htfeh temperature, the p^t^ mW dissolves after ^ 
it is converted into a kind of sugHT* 

^rf odine suiu^ on St^ns starch- grains. ' 

The ooicmr is destroyed by strcr^ 

' '3,, When'tre^^ with ''»t,3li^t 

swells up an| then di^K>lfee> 
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2. Aleurone grains or proteid grains or simply 
proteids or proteins —They are the important reserve food 
matters found abundantly in many seeds, as matary (fom, 
rerhiy tishi, etc. They are small and granular in seeds 
with starch, but large in seeds with oil. Besides carbon, 









Fig. 127. 

Aleurone grain. A—Section of the cotyledon of niatar seed showing 
grains, b-Aleurone grains, a—Starch grains (bigger), B— 
•Section of the endosperm of rerhi seed, a—Aleurone 
grain, b—Crystalloid, c—Globoid. 

hydrogen and oxygen there is also nitrogen in the composi¬ 
tion ; hence these grains are also known as albumens . 

They are foriped by the condens^ion of albumen when that 

* , ' 

is richly preisi^nt in ^vacuoles. Crystals of proteid bodies,called 
cryiif^Qlf^l are* formed d^ing the time of condensation. 

The are usually simple, that is, they have 

no ii:^ns2bni|i|i them, as in malar seed, where m the section 
ef Ibe kinds?of grains are found. When treat- 

Boldtibn, some of the grains are stained blue 
low. The large, blue, concentijic grains are of 
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starch while the small, yellow grains are of prpteids. In 
(jom, the grains, found in the cells of the outer layer pf seeds, 
ai‘e small. 

The larger forms, as found in the seeds of rerhi, tishi, 
etc., have two inclusions in them—(a) one or more cry- 
stalloids or crystal-like bodies occupying the major portion 
of tlie grain, and (b) globoid or a round body formed of 
ijhe double phosphates of calcium and magnesium. 

Tests —Aleurone grains are insoluble in alcohol but 
partly soluble in water. As i)rotoplasm is composed of 



» 


Fig. 128. 

Crystals of calcium oxalate. A—cells of hochu stem.^ a* Aoioular 
rapliides. b*”Mucilaginous cell. B~“C)ells of ofiion bulb, 
a—Sphaeraphidea, 

proteids, the chemical reaction of these grains is the same as 
that of protoplasm. Thus iodine solution stains the grains 
yellow and potash solution dissolves them. 

3. Mineral Ct^i^stals. 

(a) Crystals of caldum oxalate-~IUphWtes.-r-They 
are found mostly in monocot plants/ specially e^uatii^. 
When needle-like in form, the crystals are adcular, m ^ 
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kachn, They protect the phints from the attaokn of 

snails, swings, etc. When the crystals are round, angular or 

star-shai^ed, they 


3C30PO opopqogacz^c 



sphaeraphides 

pjaj, heet, etc. 


are 

in 


Fig. 129. 

CrvKtais of calcium c:arbouate in 
the epidemiul ceH» oimimthn 
leaf, a—Cysfiolith. b—Big cell, 
c —CellitlostJ projection. 


(h) Crystals of cal¬ 
cium carbonate—Cysto- 
litbs. —These are found in 
the big epidermal cells of 
the leaves of hot family 
in the form of minute 
grape buncli supported on 
a short stalk which is a 
cellulose projection inside 
the cavities of the cells. 
The crystalw are aggrega¬ 


ted in each' cell to form the bun^h called cyatolith. 

Tasls—The cliemical reagents, used for distinguishing the 
two kinds of crystals are faydrocbloiic acid and acetic 
acid. Both the acids dissolve the cysioliths with the 
evolution of carlx>n dioxide gas. Oxalate cr>'stals are 
disikdved in ihvdrochloric acid hut not in acetic acid. 


i 


liqiibl^nt^ts- 






are found in sohition in oetl- 


are'.'.^mp^on. 
(ti, hiedm\ m'ihe'rdots 
iu- 11 ^.. Ippape-sui^r ia. found in mgiK , ’ ' 


* * mJ Aj. V* ■*A <4 A 
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Inulin is another kind of sugar in solution stored up 
us reserve food matter in the roots ()f surJsmifUjpJii and other 
plants of the family. In chemical composition, it agrees with 
starch^'. It jjrecipitates in alcohol in the form of crystals. 


( 2 ) Fats and Oils 

• 

Oils are <>f two kinds-—(a) Fixed oils 6r fats afid (h) 
volatile or ethereal oils.^ 

Fixed oils are usually found in the protoplasm of the cells 
of the several seeds, as of narikeU fi(irishay rerki etc., in the 
fornt t)f drops. They are reserve food matters to be utilised 
during germination when they ai*e converted into sugar. 
They contain no nitrogen in the composition hut tmly carbon, 
hydrogen and oxygen. 

Volatile oils are waste jjroducts secixstecl by tlie glands- 
They are not reserve food matters. The agreeable fragrance 
of flowers and the aromatic smell f)f some stems or leaves, as 
those of camphor^ piulina, tuhi, etc., are all due to the 
presence of such oils in them. 

The floral perfume is for the attraction of jidUinating 
insects, and the odour in leaves or stems is for scaring away 
injurious insects. 


Tests —When treated with osmic add, oils stain black. 
They are turned led with alk^a solution. The two kinds 
of oils can be distinguished by putting drops of fcheni on a 
piece of paper. Yolatile oils leave no mafk on the paper 
due to their volatility. They arei also soluble in alcohol 


whieli can not dissc^vd flxed oils except castor oU^ 

Besides the above, there are other contents in the cells. 
Many acids are in solution ip the celt sap^ The tartaric 
acid in oxalic acid in umnd,, citric acid in ufA, 
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iiuiiltc acid in am are v\eli-kiu>wn »cid contenth. Forinic 
acid is iound in the liairs oi hichati while tannic acid is 
found in the plants of habla, khayet, etc. Nitrates, 
sulphates, cidorides, etc., are soiiietinies jiresent in 
the cell-sap. Date seed contains cellulose as a reserve lood. 
Pine contains resins ; India-rubber plants contain caoutchouc. 
There are also alkaloids jiiesent m sonic plants. Thus, 
tobacco contains nicotine,iioppy n)or[>hine, cinchona quinine, 
and tea theine. etc. In some cases, colouring niaiters 
apiiear in the cell-sap. 


\/ 


^ Tabular summary of the cell contents. 

C»‘ll C'CuWiits 


1 

Li\ing 

oi 

protoi)la«<iui( 


Non-livnig 

oi 

Tioii-probopJasin ic 


I I I 

[Cytoplasm Nucleus Plastids 


Nitrogenous 


Solid 


I 


liiquid 


I 


Nou-uitrogenouh Oils 


Alearonp grains i | 

(imnuJai Crvtiiai 


I i 

iue Fixed Volatile' 


_CeJl-MH]) 

Starch | I (1) Sugars 

Baphides Cyatoliths (2) Inulin 

(3) Acids 

(4) Balts 

(5) Colouring 
matters 

(All of them dissolved 
in water) 
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Exercise II 

' ^. Stato what you know of the various contents of a growing cell ? 
- C. a 1926, 1918, 1909. 

2. How' would you recogniBo under the microscope the following : — 
starch, sugar, alcurone grains, calcium J^arbonate and calcium 
oxalate?—C. U. 1922, 191^191^1 1909. 

H. Ill w'hich of the organs of plants is starch found ? Describe 
full\' the appearance of starch grains as revealed by the microscope. 
—C. U. 1913, 1909. 

4. What is the use of the oil that we find at times in plants and 
where do we chiefly find it ? 

6. Describe fully the method you would adopt to demonstrate 
microchemically the presence of aleurone grains in vegetable cells. 
Do.sctibe the grains.—G, U. 1930, 1910. 

6. What are raphides and cystoliths ? Where do you find them ? 
~C. I*. 1929. 



CHAPTER III 

, CELL-WAliX. 


Cell>wall substance. 

Cell-wall consists of a substance called cellulose, which 
is secreted by the protoplasm. ^ It is vei*y elastic and 
increases in thickness and area due to the activity (>4‘ proto¬ 
plasm. An active protoplasm forms the cell-wall, adds to 
its substance during the life of the cell and moulds it in such 
a way as to make it fit for the sijecial functions wiiich a 
cell is to iierfomi. 

Though apparently the cell-walls are the partitions 
between the cells they do not disturb their communication 
as the protoplasm of one cell is actually in connection with 
that of another by means of very delicate fine threads whicli 
pass thi^’mgh the different sides of the cell-walls. 


Compositidn and property of cellulose. 

Cellulose: is a carbohydrate consisting of carbon, 

\ ^ ' 

hydrogen a^d oxygen. * The composition is thus the same 

' I . .. ' I 

as that of Istaroh but the properties are different as the 
eleni^ts are dwemntly anrai^ed in the two. C^ulose is 
^^snn^hle ‘ and can' hold much warier in it. 

tWlnpe.:' . 



vv. thm-waUed ..cells* as'.those df ^j^n, 

' up of'ceUulosej - ^l^ben. 
witll'iibdiiie: ‘ 'solution* the walls ■ ''l^um yettow hut 
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after treatment with Sulphuric acid, . iodine coloora the 
walls blue This is the best test for cellulose, * 

(2) When with chioro^zinc4odine, the walls 

swell up ami turn blue. 

Growth and thickening of the cell^wall., 

w;- 

The fjrowth iti tfelc^ss* of the cell-Wall may be by 
apposition and by mtussuaceptjo n. By apposition, the 
jirotoplasm secretes particles of cellulose whiob are deposited 
in successive layers on the inner surface of the cell-wall. 
In this way the cell-wall becomes gradually thicker. By 
intussusception, the new matters which are secreted by the, 
protoplasm are pushed in between the {MaHicles of the 
original cell-wall with the result that the cell-wall increases 
in surface-extent. 

The grow'bli of a coll may be uniform or localised, when 
it grows in size. With uniform growth, the cell is usually 
roundish in form. When the growth is localised to the two 
points opposite to each other, the resulting cell becomes 
an elongated one. Similarly, when the growth il confined 
to three or four points of the cell-wall, the cell, after growth, 
assumes the form of a star-shaped body. Thus, when the 
growth is localised, different forms of cells, viz. oval, st«dlate 
or star-shaped, ix>lygonal, etc., are prodtced. 

, As a genet?ial rule, growth in thiekn^ does not occur 
till the cell has reached its full size.', Uififtwm thickening, 
over the whole surface of the cell-wall is rardiy met with. 
With unequal thickenings iJrojeoting inwardly Various maik^ 
ings appeiur mi the inner surface of the. cell-wall^: These 
are speciidiy observed in the ^U^ntf of #anti; Thus, 
when the; thio^nings occur in a spiral line or in 
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transverse rings, they are called spiral or annular. 
Thickening ’is reticulate, when it is in the form of a net¬ 
work or IS placed irregularly on the walL^ When the whole 
’inner surface of the wall is thickened excepting many 
.'isolated nnthiekened spaces called pits, the thickening is 



Fig. 130. 

Vessels. A-Annular. B, C—Spiral. I>—Reticulate. 

E, P—'ScaJarifonn. 

pitted. •When the thickenings look like the rungs of a 
ladder, they are called scalariform. The wood elements 
called vessels are named according to the different ty).)es 
of thickenings formed on the inner surface of their walls. 
They are thu6 termed spiral, annular, pitted, etc. 

Xii pitted |yess^s, the pits formed may be simple or 
iK3«rdered. y Ordered, each circular unthickened area 
is over*arche^:at tWedige by a circular thickened rim in the 
fctrm; pf a dims which becomes more and more narrow 
taWaidi clKiths of the odU when thickenings are deposited 

si^outtding the pit. In the same way, 
s^hi pit is formed at exaeily the same lioint on 
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the other side of the wall. The thin area of the wall is 
slightly thickened in the middle called torus. 

Usually, thickeiUngs are laid down on the two sides of 
a wall. When three or four cells, with thickenings, meet, 
the much thickened middle space is known as middle 



ah c A 


Fig. 131. 

A—Bordered pits of tracheides. a—Pit in the young stage with 
unthickoned celj-wall. b —Older stage showing the 
membrane with torus in the middle, 
c -“Half-faced vievv' showing the 
position of the middle 
membrane. 

lamella. Sometimes, walls become so thickened internally 
that the cell-cavities can not easily be distinguished. 

Chemical alteration of cell-wall. 

When the cells become mature, not only it grows in 
thickness, but in some cases, the cell-wali substance becomes 
modified by undergoing some changes in it. The modifica¬ 
tions of cellulose are lignin, cutin, suberiii and mucilage. 

<a) Lignin is present in the walls of all hard elements 
of wood and ' sclemnchyma. The lignified walls are not 
only hard but slightly elastic. * Lignin gives strength and 
rigidity to the walls. It is pertneahle to water which it 
can not retoiu much in its substance. 
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Tests for lignin. 


1. With aniline sulphate solution^ ligniheil walls turn 
golden yellow. 

2. With iodine solution and sulphuric acid, the walls 
ait) stained yellow and swell up. 

3. With chlor-zinc-iodine, the walls stain yellow^ 

and not blue. ^ 

4. The walls dissolve or in £ati-de-Javelle. 

(h) Cutin is present on the external Walls of eiuderinis 
or the outermost layer of cells of steins, leaves, etc. 
The cuticularised w'alls of epidermis form a membrane 
called cuticle which is elastic and almost impermeable to 
water. The cuticle protects the inner layers from excessive 
evaporation and makes the epidermis firm. 


Tests for cutin. 

1. It resists the action of sulphuric acid. 

2. It turns yellow when treated with sulphuric acid 
and iodine solution. 

3. ith chlor-zinc-iodine the walls stain brown. 

4. Cutin dissolves in boiling alcoholic potash. 

(c) Suberin is present in the walls of corky cells, 
|K>llen grains^ etc. Chemically, it has the same ptoiierties 
^ those of cu|in. Cutin withstands better the action of 
caustic potas^. , ^ . . 

V 'Mudi!§^^ is present in, the ceM-walls of the coat 
of siSveml nutlets as Us^ esahgtUi etc., 

V ^ wMch I'^hen ^t^ught In ^contact with 


• A'' 


flrif it, swells cip aaid 


''and retehticii S^teriii 
seeds during thdr gei^natlon. ^ 
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(3) Impregnation of cell-wall. 

at 

Some mineral salts are sometimes deposited ’into the 
IxKly of the cell-wall. Silica, calcium carbonate, calcium 
oxalate are the common salts which become impregnated 
into tlie cell-walls and make them hardened. The cell-w^alls 
of the epidermis of many grasses, bans, ak, etc. have a 
large amount of silica ^ |n them. 

Intercellular spaces and cavities. 


Cells, in the growing regions, are closely attached to each 
othfer. Gradually, when, cells begin to grow and assnme 
different forms in accordance with the different functions 
they are to j^erform, spaces ap{>ear at the ]K>ints of 
innotion of a numlDcr of cells. These spaces containing 
ji^r or other gases are cdled intercellular spaces. They are 
usually big in size in the leaves where they form respiratory 
cavities. ' They are present in most of the water plants in 
which they l)eing filled w'ith air serve to give lightness to 
tlie plant thereby making tftern float easily- on water. Tliey 
are continuous in the plant-system, thus rendering the 
passage of gases and vapour easy. 


Sometimes cavities are formed in the interior of [dants 
or in the middle of many stems. There are tw'o methcxis 
of such formation, They may arise scldleogc^piislsr when, 
the common walls of ceils .split sipaH to torn cavities during 
the eell-groWth, as found in the remnor mucilage ductaof 
pirn*, BOjina, etc.-"'.Oavitiefs may ',,a^so be develoiied lysigle- 
Itbuely by the. complete disorganisation of certain ceils, 

\ Cl ‘ y -t 'i ' ' '»'*«* , \ ^ ' 1 1 V ' g 

found in the hollow stems of etc. an^^in 

l" . .V . ^ . *1 • 1 ‘ , , ’ V." 

the oil dlifcts of 
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' Summary of Chapter 111 

1. Cellulose is the cell-wall substance of ordinary cells. It is 
elastic and permeable to water. It stains violet when the cell-wall is 
treated with iodine solutiofi and sulphuric acid. 

2. There are two methods of the gr^th of the cell-wall—apposition 
and intussusception. The growth may be uniform or localised. Growth 
in thickness is not also uniform. Due to unequal thickenings, vessels 
may be spiral, annular, reticulate, pitted and sealariform. 
The pitted vessels may have pits—simple or bordered 

3. Cell-walls may be modified chemically. The modifications are 
lig'nin, CUtin, suberin, and ifiucilage. Lignin occurs in woody ele¬ 
ments,cutin in epidermis,suberin in cork,and mucilage in several seeds. 

4 . Intercellular spaces are cavities formed between the cells. 
Other cavities are formed in the plants either SehlZOgCnOUSly or 

lysigenously. 


Exercise 111 

1. Wh&t is cellulose ? Where it is found in plants ? What are 
its functions ? Pow do you test for it ?—C. U. 1931. 

2. How does cellulose differ from lignin ? Give examples of 

lignified struettues in plants. Where are they normally found ? 
G. U. 1920- ; 

i' 

3. l^ovL ave jtupplied with a piece of pith or sbola and asked to 
eitamiue it undei| th^^mforoscope in order to ffnd cut if it contains any 
o^lu^ose. llesorlbeaiidqatoil the method you would adopt. —O.C. 1924. 

4. How do mucilage C. U. 1910. 
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NUCLEAR DIVISION AND CELL FORMATION 

The division of the nucleus h either direct or indirect. 

(1) Direct or amitotic division is also called frag¬ 
mentation. The nucleus divides by simtde constriction, 
wlien the resulting numerous nuclei are usually of different 
sizes. This is a quicker pr o cess and „„og.fiucs,aa^a. result, .pfk 
ej^sgi vejiutrijiia^^ wJbeu^bisre ^is,^ rs-pjid , growthJ3sr| 

Examples of thij, dlvigiop 
jnJhp^^iQPg, old^^nternc^al cells ^ of so,ma„iQwer 
plants, as Oj^ra, This is not followed by celhdivision. 

(^) Indirect division or Karyokinesis —^The nucleus 
passes through a complicated series of changes when they 
are followed by cell-division. Karyokinesis occurs in two 
ways—(i) Mitosi s or the vegetative* method and (ii)^eiosis 
or the reproductive method. 

—A*- 

(i) Mitosis —This process takes place in four stages ;— 

(a) Prophase. —The chromatin network becomes 
separated into a number of short and thick hls<ments called 
c hromos Qiyiga . For each species, the number of chromo¬ 
somes is practically constant a^ t h^v are supposed t o* 
in herit ^1 the characters of the .speci es. Each chromosome 
is longitudinally spU^ up into two ei^Ual halves which move, 
away from each other in two opposite directions. 

(b) Metafdiase.—In the cytog^am* immediat^y 

surrounding the nuol^r cavity, extremely fine cytQpl'as«i|ic 
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fibres aippearinj;* from the two opiKJsite i)aint8 ot poles and 
penetrating into the nuclear cavity produce a thick tangled 
layer in the form of a spindle called nuclear spindle. At 
this stage, the nuclear membrane and the nucleoli di8ap])ear. 



Pig. 182. 

Katyokiniesiit, 1. Nucleus just at the time of divisdoii. 2; Network 
is divided iixto chromoHomes and nucletir spindle is formed. 

8. Chromosomes attached to the traction-8.bres Which 
dra^ them to the opposite poles. 4. Half the 
nl^ber of chromosomes reaches each pote. 
p. OhrcmoBoipes fused at their ends andj; 

’ I gnmulos appearing in the 

I , divided h»to 

'f. ; J , ‘ 'l.'.'.i ^ imelous. 


• 4jbi; 'citW'' t*^ 


ti:l 9 tctlbn« 0 lireA, become closely 


arranged in the middle of the 
^ Th0 '<^h^''fibres tvji 
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(o) Anaphase—Due to the contraction of the traction- 
fihres tiie chromosomes begin to move towards the opi^osite 
poles of the spindle. Half of each chromosome, with its 
.apex attached to the fibre and directed to the pole, is drawn 
to one pole while the other half to the otlier pole. 

(d) Telophase—The ends of the chromosomes at each 
pole fuse to forma single^*'long filament wdiich gradually 
becomes thin and much entangled, as in the resting nucleus. 
The nucleoli, as well as, the nuclear membrane appear 
again. In tlie mean time, small granular bodies, a|>pearing 
in the equator of tlie spindle luse to form a continuous 

*v 

membrane called cell-plate which extending entirely 
across tlie ctill, divides it into two daughter cells, eacli 
\\ith a newly formed nucleus in it. 

(ii) Meiosis or reducing division.—This is a more 
complicated jirocess than mitosis. In mitosis, the number of 
chromosomes always remains the same liecanse each 

chromosome splits longitudinally and their halves separate. 

\ 

But an interesting modification occurs in meiosis by which 
spores are fonned in plants. The clnx>mosomes in this 
division do not split individually, but half ^ their number 

‘ • f 

becomes sei>arated from the otlier half, hence the number of 
chromosomes present in the sjKires is half tliat present in the 
sporophjrte or the plant-structure from which the spores 
arise. The spores of a fern on gerulination give rise to a 
small structure called prothallus on which the sexual cells 
are produced. The^iiores, as w^ell as, all the cells, which the 
spores give rise to leading to the formation of sexual cells, 
contain the reduced number of chroniosomes. At the time 
of tlie union of the sexual cells, the reduced number of 


14 
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chromosomes will be doubled^thus making the number as was. 
in the sporophyte. 

Where the cells are formed. —^To continue the life 
of a plant, protoplasm always produces new cells as one of 
its important functions. So, wherever there is active 
grt)wth going on in the plants, as in the growing i)oints of 
stems and roots or where there is the formation of reproduc- 
tive organs, as endosi^erm, spores, pollen grains, etc., tliere 
must be the development of new cells out of the pre-existing, 
old cells. Thus, both in the vegetative and reproductive 
organic the old mother-cell gives rise to new daughter cells. 
New cells may ax*ise by division or by the union of two into* 
a single cell. 

Cell*formatioii.— The following are the ways in which 
new cells are formed in the plant kingdom. 


(1) Ordinary cell-division. —This usually occurs in 
the vegetative parts of plants. The division is preceded by 
the mitotic division of the nucleus. When a cell reaches a 
certaimeize, the nucleus at first divides karyokinetically into* 
two, and two cells, each with a nucleus, result. These two 
daughter cells repeat the same process and a number of 
cells is themhy formed. 

(2) Fr#e cell-formation. —In this proc6ss«^the nucleus. 

of the repeatedly by karryokinesis au|i produces a 

« parts, all lying free In the protoplasm. 


the, 

rouM 




complete, the protoplasm arranges itself 
hf. the divided nuclei, ^us numerous naked 
within ^e mother cell. Each of 
a c^-wail round It. The new cells 
ate usually liberated hV rupbum of the wall of 
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the mother cell, except in the formation of endoftperm. 
When pollen grains are formed, nucleus at first divides into 
two, each of which divides again to form four, Protoplasm 
HOW divides itself into four parts and each part condenses 
round a divided nucleus. After the secretion of the cell-wall 
round the condensed protoplasm, four new cells are formed 
in their mother cell. Thesew^re ’ the four ixdlen graias in 
eacfi iiu^tlier cell. 



Pig. 188. 

Pormation of endosperm m«d poUeU' grains. A, 9~-Two BUcoesKive 
stages ul the formation of pcdlen grains. 

When \ compared to ' the ordiniyry ceil^dmBittti, the 


ce!l-W8dle,f6rmed ip thie process pf tiee ee^^formatidr^ are 
new aPdh^do not belong, to l^e mother cell.. 
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When the free nuclear division is not lollowed by the 
formation of cell-walls, the cells become multinucleate as 

Cl 

found in some thallophytes, w'here the division of nucleus is 
direct and not mitotic. Occasionally, peculiar multinucleate 
cells arise in which the nucleus underji^oes repeated karyo- 
kinetic division without the formation of transverse septa 
between the resultini* nu'cleij,. These cells are called 
coenocytes, as found in tlie Funtji and laticiferous tubes of 
higher plants, 

(3) Rejuvenescence.- -In some plants, when the sexual 
or asexual cells are to be formed, the protoplasm of the 
mother cell recedes from the wall and contracts in the 
middle. The cell-wall now hursts to liberate the now 
protoplasmic mass which forms a new cell to serve usually 
the function of reproduction quite different from the function 
of the mother cell. In higher plants, young cells may be 
formed from old ones by rejuvenescence. 

(4) fertilisation. —When two differentiated sexual cells, 
one male and the other female, fuse together in such a way 
that the protoplasm of the male cell unites wdth that of the 
female and the nucleus of the one with that of the other, tlie 
process of fusion is called fertilisation. The result of the 
fusion of th^se tWo naked cells is the formation of a new cell, 
called oosppre. , 

’If ^ ^ , 

' ,,f I 4 

m _ y 

(5) Ollljuitation.—This is the process of fusion of two 
j^xual oeUsi fwliien they not be differentiated into male 
The ^result of fusion is known as zygospore. 

i usually occurs in the lower Cryptogams. 
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(6) Fission. —This method, common in thp lowest 
nL^iaiiisms, as bacteria, consists in tlie constriction gf the 
jirofcoplasm and in the division of the nucleus without the 
complicated clianges as are characteristic in the higlier 
l)lants. The cell is divided into two equal parts. 

s 

(7) Budding. -This method gonsists in the protrusion of 
the cell-wall whicli is then s^amted from the parent cell by 
fission. This occurs in yeast plants (Thallophyte). 


Summary of Chapter IV 

Tin: uucleAr division is direct or indirect. Direct division is not 
followed by cell-divisiuii. The nucleus may divide itself by constriction. 
Indirect division or karyokinesis is of two kinds—mitosis and meiosis. 

Mitosis occurs in four stagos—prupbase, metapha.se, anaphase and 
telophase. In this process, the chromosomes are longitudinally split up 
intn) halves which movt; to the opposite poles. 

Meiosis or reducing division is a more complicated process. Here, 
the chromosomes do not split individually but half their nujpbor be¬ 
comes separated from the other halb 

dell-formation takes place both in the vegehitive as well as in the 
^productive parts. In tlie vegetative parts, now cells are formed by 
ordinary cell-division. In the reproductive parts, the cell-formation 
may take place in the following ways : -(]) free-(»ll formation, (2) 
rejuvenescence, (3) fertilisation, (4) conjugation. Budding or 
fission occurs in the lowest plants- 


Exercise IV 

1*. Describe the varibus modes of celi-formatioa. ;^C.U. 1933., 

2. How would you distinguish between ordinary cell-division and 
•free cell-formation ? 
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^ A tissue is a collection of cells which take their 
origin from a single cell and grow in the same way to 
assume similar forms, all adapted to the same func- 
tionJ The constituent cells or vessels, as the case may he, 
comx)osin^ a tissue are called tissue-elements. 

Thus, If a transverse section of any organ of a higher 
plant be examined under tlie inicro8coi)e, it is found to 
consist of different kinds of cells which are not distributed 
uniformly througli the substance of the organ, but are collect¬ 
ed in different ways. 


Kinds ^f tissue * 

(, There are two chief tyjKJs of tissue— meristematic and 


permanent.^ 

^ Meristematic tissue or Meristem is usually found at 
the grQxym^lxnnts of steins and roots. It consists of cells 
which go o4 ^yiding oontinuouidy to jiroduoe new cells. The 
s^all actiypl|r dividing, cells have thin \yalls of oelluloseiO 

cavity of each cell and contains a large 
is no v^uole and the x»lasticts have not yet 
rp^4he meristem whieh gives rise to iierma- 
' divisions and various processes 

> ^ MM ' ^ ' ' I ' • 

ition. Tlie isells of iierinanent tissues assume 
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l>ermanent or fixed forms adapted to definite funetiyn. Tlius, 
the cells of meristem retain the jjower of growtU while 
those of a permanent tissue have lost that power. 

I Meristem may be primary or secondary ) 

Primary meristem— the growing jx>ints> the meristem 
consists of a single actively dividing cell or a groui) of similar 
cells. This is really the **mother of all other tissues of 
:siny organ. Just beneath this, the cells not only divide 
actively but become differentiated in three layers. 411 
IKjririanent tissues of stems and roots owe their origin from 
those three layers of meristem^ These are fully shown 
in the sections of the growing points of stems and roots. 

As we examine the growing jwint furtherMown, we 
recognise certain strands of cells, known as procambial 
strands. These are also meristematic cells which, by 
produciaif new cells externally and internally, give rise to 
vascular bundles consisting of xylem and phloem and persist 
as cambium between them in the dicot plants. In the 
monocot plants, these meristematic strands are Ekattered 
and become completely differentiated into xylem Etnd pliloem 
HO that, m portion persists as a niermematic layer or 
•cambium in the vascular bundles. 

^Secondary meristem consists of ii^ng cells develoi.)ed 
between tile cells of the ;permanent tiseue|) They become 
meristematie in character, and, in con^^i^ence, divide 
contitmonsly to |)rodi|ce * new cells. I>tiring the ^condary 
growth in thioknei^ of dioot stems and roosts, secondary 
cambium and corkfCambium are formed to divi^taqtively. 

B, (^Petfuaueiit Tistfue.r-^As gro^h goes . on. the 
different layers of the cells of the .|femary meristem undej^o 
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various ujodiiications till they cf>iuft to attain stable forms 
lit for incfivictual functions. They are now the cells of 
IHsrniancjnt tissu^ The cells are no longer small ; the large 
vacuoles press tlie protoplasm of the cells against the walls ; 
and tlie miclens is smaller. 

^Permanent tissues'are classified int.o four kinds according 
to the ditf'ereiit forms and functio«>s. They are—1’ Cellular, 
II Vascular,'\IlI Laticiferous and lY Glandular. 

I. (.Cellular tissue consists entirely of cells. They 

may he (i) parenchyma, fii) prosenchyma, (iii) 
sderenchym^and Ov) tracheides. 

(i) Parenchyma may he thin-walled and tliick-walled. 
Thin-wldled parenchyma is further classified into 

(1) chlorenchyma, (2) storage parenchyma and 
(8) aerenchyma. 


(1) Chlorench3rma consists of cells which contain 
chloroplasts. The cells are thus green and lit h r carbon 
assimilation. They are always living and j)ro}niJ’e assimila- 
tory starch of the plant. They are found in the mesopbyll 
of leaves, cells of Algae, cortex of stems, etc. (Fig. 124). 


(2)^ Storage parenchyma consists of cells which may 

contain leucoplasts and thus prepare starch out of the sugar 

solution whep transferred in these cells. Beserve starch, 

))roteids« oils, eic.^ are present in these cells. They are found 

, ^ ^ _ 

in the interioi|of steins, roots, seeds, etq.^CSee Fig. 125). 

(S). : .'Ac^pdfikdiyma consists of many living cells. The 
air^c^idtisg, wi^in these cells or outside' them as 

fipaces. They are found in aquatic 
plantli widcfj made light owing to the storage of air in 
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the tissue. Typical aerencliyniatous cells are found in tlie 
Hoatinfj roots of keshardmrL, hinche, etc. (See page 35) 

Thick-walled parenchyma consists of living cells 
with their walls thickened. 


(l)>f Collenchyma is a type of thick-walled parenchyma. 



Fig. VU. 

(Jollcnchynia. ep--Epidermis 
ct — CuticJo ; col - Ccolleu- 
chynia with chloropliists. 


The cells of this tissue 
acquire thickenings by 
cellulose deixjsits^ specially 
at the comers. They are 
found just below the 


epidermis of many stems 
and leaf-stalks. (They 
usually serve the mecha¬ 
nical lunction^but when 
they are green and 
with chloroplasts, carbon 
assimilation is another 


function. 


(ii) Prosenchyma may be thick-walled or thip-w'alled. 
There is tlius no sharp line of demarcation between paren¬ 
chyma and prosenchyma. The cells of pai’enchyma are 
usually living,' more or less roundish in form and servo 
functions in connection with assimilation and storage. 
Usually prosenchymatous ceUs, on the other hand, soon 
lose their living contents and become dead. These cells, 
are mostly thick-walled and elongated. They are pointed 

i* * 

at the two ends and slightly swollen in the middle. They 
are arranged in an interlocking nianner, i. e, the pointed end 
of one cell is fitted closely between the middle portions , of 
two neighbburing cells. When thick-%all©d, they are the 
fibrous cells in the bundle. 
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(iii) (^Sclerenchyma is made of cells which are dead aiul 
elonftafced. ^heir walls are lignified an<l highl> thickened.^ 
The thickening is sometimes so 

great that the cell-cavities can not 
he discenied. They are largely 
distributed in stems/ roots and 
some leaves. Their function «- 
imrely mechanical, so the\ give 
strength to the plant bod>. They 
are so compactl> arranged that 
they leave no intercellular spaces 
between them. Typical scleren- 
chymatoiis cells are ]mmenchyma- 
tous and are known as sclerenchy- 

"FlC. 

matous fibres. They occur in , i 

Par Faren eh v nui. 

bands in the hard hast of man>' Bcl-'SelerenchyniH. 
plants. Sometimes, parenchynna- 

tous sclerenchyma is also met witii and consists of 

sclerotic^ ceUs. 

(iv) Tracheides are dead and much elongated prosen- 
•cbymatous cells found in the vsood of most plants, s}>ecially 
Gymnos|)erms and Pteridofihytes. Their walls are ligniiied 
$bQd have thiokenings of vanous patterns on them, viz. 
spmd, anniilar, ^reticulate, pitted, scalarifonn, all 
adapted for| ^lechanioal function. They are mainly 
used for the conduction of watery- solution from the 
roots to the liayes and also for the storage of water and 
hIow conduetm ^thereof. 

tl ,' ^iMollur consists of vessels^/ A vessel 

ISA Yo^g cli^iinoldike Ixidy oomiKised of a^ tow of ehmgated 
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'oolls wliieh aro attaclied end to end and which liave their 
partition-walls hetM^een them absorbed wholly or partially^ 
The continuous passage, thus formed within the plant, 
facilitates the easy transport of food solution. There are 
two forms of vascular tissue :—(l) the first form consists 
of tracheae or wood-vessels and* (2) the second form 
consists of sieve tubes. * 



Etg. 136. 

Uaird elementH A—Sclereochyiuakms cell. B*“Tmcheido. 

C-*-]l?ibre«). D—Sclefendhymatous ceIJ'in the 
transverse jaectioti. ^ ' 

(1) Wood-vessels along with traohddes are the 
-chief elements of the wood <)!*' Xylera of the vascular 
bundles. With t&oheides they form tracheal tissue. The 
wood-vessels agree very closely with the traoheides. In the 
same W'ay, they are thickened in ways. So , 

sinnulaf; pitted* reticulate and scalarilor^ vessd^; are 
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found in vvo<k1. TJiey discharge tlie same functions as 
in the case of tracheides. The only difference lies in the 
fact fcliat a tracheide develops from a single cell but the 
woodrvessel is derived tnun a row of cells by fusion. 

(2) Sieve-tubes are the chief elements of the 
l)hloeni of a vasculaV bundle. Each vessel is a long 
tube consisting of elongated cells v^ich have their partition- 
walls not comidetely absorbed but perforated in tfie form of 
a sieve. The tubes are so named owing to the formation of 
such partition-walls called sieve-plates. Unlike wood 



Fig. 137. 

’ f* 

Sieve tube vessels. 

contents. N- -Nucleus. 

vessels, their |ralls are not lignified but thin and made of 
cellulose. The ItubeB are not (lead but contain a thin layer 
pi Idtbouti any nucleus. Through the pores of 

.tjhe walls d^rogenous matters pass easily. Bnt 

the; winter^ tl|e iwres are closed by the deposition-of a 
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thick layer (»f cellulose matter called callus. The callus, 
however, dissolves ajjain in spring wdien tlie grow'th of the 
]ilant is vigorous. 

i 

Closely associated witli tiie sieve-tubes are long, tliin- 
walled companion cells which cr)ntain abundant 
protoplasm with nucleus. They are cut off from the sieve- 
tube mother-cell during development. They are found only 
in Ani^osiierms. 

(HI) Laticiferous tissue.— This consists of long tliin- 
w'alled branched tul>es full of a i>eculiar substance called 

latex. PCegarding colouration, latex 
may be yellow, milky or watery. 
Numerous waste products, as resin, 
glim, tannin, guttaparcha, etc., are 
present in the latex. Sometimes, it 
cumtains dumb-bell-shaped starch, 
albuminoids and other nutritive 
substances. ^ 

The tissue consists of Ijotb 
vessels and cells. The laticiferous 
vessels are not formed ordinarily 
by the fusion of pai*tition-walls, as 
seen in the vascular tissue, but by 
the absorption of * the lateral walls 
only at those places wdiere they 
come in contact wdth other cells so 
as to produce a tnucii-branchcfl tubular body. The vessels 
ramify and form a close network. . These vessels are 
found in smlkantay rfrhi, kola., hharemla, etc. 
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Laticiferous cells are in the forms of coenooytes. A 
ooenooyte is a much-branched irmlti-nucleated body having 
DO transvei’se septa in it. It differs from ordinary multi- 
nucleate cell in this» that in coenocyte the nuclear li vision. 
I>egin8 from the embryonic stage while in ordinary cell it 
(occurs in old stage. These laticiferous ccjenocytes are found 
in bot^ ka-rabi, akamifi, kantal, 'etc.^ 

(IV) Glandular tissue.— This consists of a single cell 
or a group of cells which contains secreted and eibreted 
matters, as sugar, water, gum, resin,tannin, ethereal oils. etc. 





I Fig. 139. 

Glands, p —Oa gland of orange rind. B—Hesin duct. 

0!and9ai:aia)ji^ceUul^ (b) multicellular or(c) hairy. 

fa) sl|u^ar glands. —Iscdated single e^s differing 
<ca.tissue in their eontents are known as 
ifiliythey serve as glands, as found in .many 
, k0chu;, shaikh ,in which the 
^^aming am 

of; orchid, Ic^ckUt yripikn/i^i{pmn, etc, 


other 
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(h) Multicellular glands arise from a group of cells. 
They may be solid or hollow. The nectaries of flowers 
secrete sugary fluids for the attraction of insects. The 
leaves ilf insectivorous plants secrete digestive fluid for the 
digestion of the entrapped insect. Glands in ghash, active 
in secreting or excreting water, are* called hydathodes. 
Hollow multicellular gl^ijda * appear in the form of long 
cavities or ‘ ducts filled with the secreted substance. The 
oil dd^s on the lemon rind arise lysigenously. But the 
resin ducts of pine, Hurjamuhhi and the gum ducts of dhama, 
numri, etc. arise schizogenously. A duct, as in the case of 
neb'll, is usually surrounded by a layer of secretory cells of 
parenchyma called ^itheliusn. These cells are highly active 
in secreting oil which is imred into the duct to fill up, 

(c) Hairy glands, arising from epidermis, may be 
unicellular or multicellular, as in bichnii. All the cells of 
the hair or only the end-cells are secreting. 


£i|efcUe V 

1. What iii A tissue? Wh^t at« thedhief . types of tissues? 
Where do they occur ? Give sketches.-^G. U. 1^3, 1980, 192T„ 

1924, 192a; 1913. , , , ■ ^ 

' ' * * 

2. Whtd. ate vessels' and traohei^ ? Bescrihe thefr . 

0.0,1983;. ’ / ' ' ‘ 

8 Besorihe tubes, boidened pits and any glafUd. with 

sketches.-^ U. 1980, 1994, IW, 19^1. ■ ; , ; 
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(3) Aerench jz^ 
^2) StoHtge 
parenchyma 
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IDefinitioii. —In all roofcH, stems and leaves, different 
forms of permanent tissues are grouped together to form 
liigliei’ liistological units called tissue-systems. 

Kinds of tissue-systems The tliree princii>al 
systems are :—(A) Epidermal or tegumentary system, 
(B) Vascular system, (C) Fundamental or ground 
tissue-system. 

(A) Epidermal system 

This svstem includes all the superficial tissues of the 
plaiit-lxMiy >vhich protect the inner tissues from excessive 
evaporation and external injuries. In all the leaves and 
young stems of higher plants, it generally consists of one 
layer of cells known as the epidermis w'hich in old 
stems is replaced by coiic or bark. 

As a rule, the et^iderinis is one cell in thickness. There are 
exce])tioiis where tlie epiderniis consists of several layiers, of 
cells, as in the aerial roots of orchids (yelamen), the 
surfaqe of the leaves of hot and allied plants, etc. A many- 
layered epidermis'^ usually serves to store up water. 
Generally, epidermis consists of tlu^ee tyi»es of cells. 
(1) Ordinary cells, (2) cells ^of gtomata, and (a> 
Epidermal outgrowths. 

15 
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(1) Ordinary cells of epidermis are. bricli-siiaijed or 

4 

hexagonal in form. In some cases, they have wavy 
margins. They are compactly arranged, m that the inter¬ 
cellular spaces are absent in them. They contain protoplasm 
and colourless cell-sap. Except in ferns and other shade- 
loving plants,as well a^,in some water plants, the chloroplasts 
are as a rule absent. Their but^ wall is cuticularised and 
is rnnch thicker than the inner one. A layer of cutinis^i 



; Figi 14a 

on alleaf. The upper throe cells a, b, o. show 
| .^}jti!Le gn»dual formation of a stoma. 

covers the outer wall of the* 
the stomata. The cuticle is ixnpervlotts. 
economises'the-'Water supi^:^.9f 
i^dimiite By checking undue^CVapbration. 


is cdvm«d vdth a thih layer of .wax called 
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bloom, as found on chalktmra fruits, ahanda leaves, etc. 
This prevents the surface from being wetted by water, 

(2) Stomata are found on the aerial parts of plants. 
They are numerous on leaves specially on the under surface. 
In floating leaves they are found only, on 
tiie iipi)er surface. Bach stoma a minute 
ixire bounded by two i^mi-lunar cells 
called guard-cells. The pore opens into 
a big intercellular air-space in the 
underlying tissue. Unlike epidermal cells, 
tlie guard-cells contain chlorophyll. A 
stoma takes its origin from a young 
e]iidermal cell which divides itself equally 
into two parts by a septum. By tb^ split¬ 
ting of the septum the pore is formed. 

Sometimes, the surrounding epdermal cells 
divide to form subsidiary cells of a stoma. 

The walls of guard-cells are no^ uniform¬ 
ly thickened. Those which are away fronft 
the j[>ore are thinner than those nearest^-the pore. The pore 
o})ens in the light<and closes dn d^kness. The stomata serve 
for the interchange of gases, and water vapour through the 
pores between the intexual tissues andiextemal atmosphere. 
Tins takes place so long the stgmata are oj^n. 

(3) Kpiderttual oul^row^hs include hairs, luHpkles^ 

bristles, tentaelesr They aris^ from epidermal 
Though they be of varied forms, they are uaual^ long 
and filament-like. IPhey may dbnkist of a sinig^ or sev^al 
cellsi llMcidlllM Ore from in taking 

origin .net only frdm the epiderm^ p^ls Imt a}^ hEnbe 



Pig. 141. 

Hair on kumra 
frtSIt. 
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of the cortical cells. Bristles are stilf hairs as I'ourul on 
the stems of bichuti, kinura, etc. 

Hairs discharf(e many functions, as in the following :— 

(a) The unicellular root-hairs aire always fiieant for 
absorbins food solution from the soil. 

(b) The hairs on ' the aerial parts protect plants fioni 
the attacks of insects, snails, etc. 

(c) Besides protection, the glandular hairs (tentacles), 
found in insectivorous plant's, • serve to entrap insects ami 
help the digestion by secreting a fluid. 

(d) Hairs, secreting or excreting water, called hyda- 
thodes, obtisist of epidermal or sub-epideruial cells. 

(e) The hairy stigma not only fixes the pollen grains on 
it but secretes a sugary fluid necessary for tlie germination 
of the grains. 

(f) Hairs, being cuticidarised and impermeable to water, 
serve to jn'otect the young jmrls of plants from an excessive 
loss of water. 

(g) A close covering of Ijairs prevents the growing 

f , , '. 

organs from tlie injurious effects of strong light. 

(h) Wlien thickly set, hairs can retain heat during tlio 
night thereby keeping the plant-body warm. 

(i) Tlie i^rowded hairs also prevent the surface fnnn 
being wetted^by rain. 

(j) The lufta of hairs develoi)ed on many seeds, such as 

pie., help their disiiersal. For" the same 
ptirt>c*se,^the||)iM8tenfe hairy calyx (pappus) is useful. 

.bysteiti • 

‘ ^eckislsts of va'soulkr ' huodles * which- are 
or wood and pbloem or, bafit,se{)arately 
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aK in roots, or conjointly as in steins and leaves. The bundles 
are present in all organa of Pteridophytes and Phanerogams. 
They are continuous in stems, roots and leaves, iliey form 
M cr)nducting system of the plant, i. e., they conduct raw 
lood solution from the roots to the leaves through the stems, 
and elaliorated focal from the leaves td the dilierent parts of 
the plant. As the bundle^ consist mainly of Imrd elements, 
they give mechanical strength forming the frame-work upon 
which the softer parts of the* plant are fixed. They resist 
decay longer than other parts of the plant. 

Besides xyiein and phloem, bundles may also iKissess a 

•df 

cambium. Such bundles are called open as they are open 
to growth due to the activity of the intervening cambium. 
They are found in Dicot jdants and Gyrnnosiienns. When 
bundles consist of xylem and phloem only, as in Monocots, 
they are called closed ; growth in thickne^ss does not 
take place in them. 

According to the different positions of xylem and phloem, 
bundles, ai'e said to lie—(a) Collateral, (h) Biqpllateral. 
(c) Radial or (d) Concentric. 

(a) Collateral —Xylem and phloem are in contact and 
lie one above the other? Xylem is placed lielow and phloem 
on the outer side of it. This is common iir all stems of 
Dicots (with a few exceptions), Monocots and Gymnosperms. 
In leaves, xylem lies towards the upper tsurface and phloem 
towards the lower, 

(b) BicoBbteral. —Xylem forms one mass in the middle 
and phloem is situated on both sides of it. The three lie in 
one radial line in the bundle. ' This is,;, found in th6 stems 
of kmita, shanha, and other plants .of the family. 



330 


HrSTOLOWY 


(c) Radial. —This is the chAraeteristic arrangement of 
all root bundles. Xyletn and phloem elements are equal 
in number and form separate bundles. They are i)lace(l 
alternately on different radii, as seen in«the transverse 
section. 



Fig. U2. 

Armngera^t of xylem aiidphloom. A-'Dicot stem. B—Monocot 


stem, 


Sfera 


I>icot root. D—Mouocot root. E^Kumruiit^t 


, X-Xylem. p—Phloem, c - Cambium. 


';-(d) C<|i^«a|^€.“'Xylem; in the centre is swrounded by 

^ pbhwm in tbe centra-is sur- 
as in a few lM[0hoe^t steihs« 

leayns' vt^ra 'US]^auy> sur- 
'l^w' ;Jays^' scjier^liyfrta.:' or, parenchyma. 
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Xylem is the woody portion of the bundle. In sterns, 
it. develops centrifugally, that is, from the oentVe towards 



the outside. Th*e first- 
formed xylem, known 
as proto-zylem, consists 
of spiral and annular 
vessels. In an advanced 
stage, the xylem is 
called the meta-zylem 
which consists of all 
tyires of wood-vessds 
and tracheifi^. Along 
with these, there are 
also irarenchytnatous cells 
forming wood paren¬ 
chyma and long and 
narrow fibrous cells 
forming wood fibres. 
The wood parenchyma 
and wood fibres *serve to 
store up starch grains 
for future use. 


Fig. 148. 

A bundle with xylem, phloem and 
cambium. Ph—Phloem ■; x— 
Xylem ; c Cambium ; 

P'—Perioycle i e— 


Sbli^m is another 
imp^tant portion of the 
bundle. It conducts the 
elaborated food from 


the place of ^imibktion to the different imrts of the 
plant, where ^fi^ysary. It defvelops both in stetns' and 
roots eentrip^b^y^ that is, ln>in outside thWards the 


centre. Tlie ffret-'formad phloem, caUed proto^plhlottn, 
consists . of na^w sieva^tubes with wiytch. loh# thin 
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walled companion cells are found. Meta-phloem, i. e. 

the older pari; of phloem, consists of sieve-tubss, coinpa.- 
nion cells and also a few cells of parenchyma called 
phloem parenchyma and long, narrow, fibrous cells 
called bast fibres. 

f f 

(C) Ground tissue-systen^; 

This system includes all the tissues whicli do not belong 
to the twt) systems described above. They serve functions 
of nutrition and form storehouses h)r ivserve food. 

Tl)e tissue, lying outside the region in which the 
vascular bundles iwe einV)edded, and which is known as 
stele, are called extra-stelar, whereas the tissues. which 
lie within the stele and connect the vascular bundles are 
called intra-stelar or conjunctive. Extra-stelar tissue 
includes cortex wdth endodermis, and pericycle ; the 
intra-stelar tissue includes medullary rays and medulla 
or pith. These tissues will be fully explained later. 

Hatd hast, common in use in histology, is a misnomer. 
It does not belong to the bast or i)hloem hut t<» the ground 
tissue. It usually consists of fibrous sclerenchyma, a 
strengthening tissue. It represents the pericycle when it 
becomes li^ified at the head of the bundles, as seen in the 

sectum of 4 sunflower stenu 

\ 

V 

Streiigthe|iinf^ ot mechanical tissues 

! various forms of these tiwiu^^ which are 

m^fi^brenily in the differen'i organs of the plant, 
ffinction is to give strength and rigidity to the 
parts wjlem they occur. 
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They are as follows :— 

(1) Coilenchyma occurring in the hypodermis 
of stems. (2) Sclerenchyma, the chief tissue, 
distributed in the periphery of stems or roots, in the pericycle 
as a continuous ring or in patches, in the Monocots as; 
hundle-sheath or in j)atches. (3) The fibres of xyleiti 
or phloem. (4) The ^ang ' of Cork . strengthening the 
inner tissues. (5) The net-work of veins lending supports 
to the leaves. (6) Closely arranged bundles in the roots, 
sjiecially of the Monocots. (7) Parenchyma giving rigidity 
to the water i>lants, when turgid. 

Mode of distribution of the strengthening tissue.- - 

The strengthening tissues are arranged in such a w^ay as to 
meet the strains to wliich the organs are subject. When 
an organ is placed under the influence of bending .strains 
from wind or storm, the strain falls on its two sides. The 
tissues on the convex side are highly stretched while those 
on the concave side are compressed. There is no strain in 
the middle. Thus, the strengthening tissues' are ^ccoi’dingly 
arranged more near the iwriphery where the strain is 
maximum. The water plants withstand their pulling strains,, 
for their weight is ujiheld by the water. The streng¬ 
thening tissues, in this case, are usually placed in the centre. 


Summary of Chapter VI 

1. Tissue-sy^m consists of several permanent tissues grouped 
together to serve a 'common function. 

‘ ‘2, The three tissue-systems are (1) epidermal, vascular,, 

and (3) fundmental. 
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H. Epidermal system consistK of epidemia, cork or bark. 
Epidermis ooi^sista of rectangular cells, stomata and outgrowths. 
The rectangular cells are closely arranged and have the outer walls 
cuticularised. Each stoma is a pore bounded by two green guard 
cells The whole system is protective. 

4. Vascular system consists of xylem and phloem 
separately or conjointly. The arrangement of xylem and phloem 
occurs collaterally, bi eollaterallyi^^radially or eoneeutrically- 
The bundles with xylem, phloem and cambium are open as 
opposed to closed where the cambium is absent. Xylem consists 
of vessels, tracbeides, parenchyma and fibres. Phloem consists 
of^sieve>tubes, companion cells, parenchyma and fi bres. Xylem conducts 
raw food and phloem, elaborated food. The development of xylem 
is centrifugal in stems but centripetal in roots. Phloem always 
develops centripetally both in stems and roots. 

5. Eundamcntal system consists of cortex, perlcycl^ modullary 

rays and pith. * 

6 Strengthening tissue.~They are distributed in the didoreiit 
regions of the plant according to the strain to which the plant is 
lusunlly subject. 


Exercise VI 


<< V 

1. What are stomata ? Describe their structure and fuimtions. 

\ u, tm, ii9i7. me. 


f 

a. Deticril^ the tissue-elements that you obwrve in the iibro- 
vaaeuiftr bund^ bf\ dioot. What is the importance of vascular tissues 

. ‘ / "'f r ’ ' 1' ‘ '■* 

the diatiibutiou of strengthening, times in laud 

planta* How does the an^gement meet the 
fn each case ? 'G. It, 192^. ’ ^ 





chapte;r VII 


DISTEIBUTIQK OF MEEISTFIKIATIC ANB 
PRIMARY TISSVRS 

(A) Growing point of a shoot 

We have seen before that the i^rowmg iioints are 
occupied by an actively dividing tis^e. If a longitudinal 
section of a growing point be examined, it is found, that 



. Fig.; 144, . 

Orowiag. ficints qI shoot. At~|>icot stein. B^£lquisetum 
stem. d^l>enxiatogeii., P—Periblem. Pi—Ple^ome. 

1 ' Oj.* 1 s 

\ ■ 1. 0.—^iai^t.oeil. 

Just aji.ihe extreme tip there is a gronp of eeUe: wbiicb 
alt and whioh by .their continual division g|ve nse 
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to other ineristeniatic cells below. In some Pterido])hyte« 
there is at the head a single triangular cell from wliich all 
other cells take their origin by its divisions on the sides. 

Just below the cells at the head, the ineristein is 
differentiated into three distinct layers of cells : they are 
from outside within :— 

(1) Dermatogen or the outermost layer which covers 
externally all otlier layers of cells. The cells of this 
layer divide up by walls formed at right angles U) the 
surface. This gives rise to epidermis of the young 
shoot after divisions. 


(2) Periblem or the second layer lying just below tlje 
dermatogen. It is one layer of cells thick at the apex, hut 
lower down, owing to the irregular divisions of cells, it 
becomes many layered. It forms, after, divisions, the three 
differentiated parts of cortex, namely, hyiK)dermis. cortex 
proper and endoderiuis. 


t 

(3) Plerom^ or the central i)art which consists of a 
few layers of cells. It gives rise to all the tissues lying 
within the endodermis namely, i>ericycle, vascular bundles, 
medullary rays.and pith. The vascular bundles owe their 


origin fro$j several longitudinally divided cells of jderoine 

■* * ' 

which Ijeconie longer and narrower than the rest. These are 
called ^o|atti6ial strands. A few ceils of these strands 
lying tQw|^s the centre form proto-xylem while the 
outer e^ll ^ the strands produce proto-phlocm. The 
middle, form a layer of meristem, called 
which goes on dividing and adding 
cells to x|rlern and phloem. 
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(1^) Growing point of a root 

The fjrowinf? iK)int of a root agrees in many respe^^ts with 
that of tile slioot, i)ut it differs from the latter in the 
hciuiviour of tlie dermatogen. Tlie tiiree differentiated layers 



Pig. 14f>. 

f Vrowing point of root, 
a— Derma togoii. b—Periblem. 
e — l*lerome. d- - Root-cap. 


of meristem grow and are 
placed in the same way 
as in shoot. But the 
dermatogen at tlie head 
undergoes rejieateil divi¬ 
sions l>otiv perpendicularly 
and tangentially and pro- 
dtlces a mass of cells 
which form the many- 
layered root-cap at tlie 
aiiex of the root. A little 
behind this, the root-cap 
merges into a single layer 
of dermatogen whicli 
forms after diviFgons the 
piliferous layer bearing 


mainly unicellular root-hairs. The layer of dermatogen in 
root whieli thus forms both the root-oai) and the piliferous 
layer is called calyptrogen. Tlie root-cap is constantly 
l>eing renewed from within as it is gradually worn .away, 
when it {lasses through tlie soil and com'es in contact witli 
the sharp soil ]>articles. As in.^hoot, plerome produces also 
procambial strflJhds, but these strands, instead of developing 
proto-xylem towards the centre and proto-phloem on the 
outer side give rise to both xylem .and i»hloem on tlie 
(niter mle onla. 
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Growing points of dicot & monocot roots compared r 

11) Deniiatogen, in dioot roots undergoing tiivisions^ 
forms the root-oa]) but in monocot roo^j^, dermatogen and 
periblein unite at the ai)ex to form a single layer, beyond 
which lies the calyptrogen to form the root-cap. 

(2) In dicot roots, root-cap merges into a single layer of 
dermatogen just behind the tip, so one can not be distin¬ 
guished from the other. But in monocot roots it is easy 
to mark how lar the root^cap extends. 

(3) Boot-hairs in dicot roots arise from the dermatogen 
while in monooot roots, they arise from the periblein. § 


PRIMARY TISSUES 

We are now in a position to examine the primary tissues 
distributed in the interaal structures of young stems, 
roots and leaves. 


STEMS 

A. The structure of a youg dicot stem. 

In the transverse section, the following are the tissues 
arranged froiU outside within 

(l) Epid^i^lilla is the outermost tissue,the cells of which 
are one-layer|d, closely arranged and rectangular in form. 
The eutjir wuls itfC's cuticularised. Ohloroidasts are absent 
in IAt« idsges, the* cells are replaced by stomata 

imd IjtaizlM''lileb gtoma consists of a pair of guard-cells. 
The baits arelusually multicellular and >preteetive. 
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(2) Next to epidermis, there are sevei'al layers of ccntex 
divided into three parts, viz, hypodermis, cortex ^ projier 
and endodermis. 

(a) Hypode 

cliyma. In some stems, both the tissues are present, 
(b) Cortex proper consists of several layers of parenchyma 
of which the outer ones are tnore green than the inner, where 
assimilatory starcli is abundant, (c) Endodermia or the 
last layer of bortex consists of a single layer of rectangular 


1 

mils 


consists of collenchyma or scleren- 



I?ig. 146, 

'■ *' t 

Cross BeotjoD of a sun^ower stem. a-^BpidennU. b-^Hypodennis. 
e-^Cortex .proper, d -- Bododemus. e—Pericyde. f— Pmoem>' 

h Xyleip. ‘ i * HoduUaj^'rays. 

cells, the radial of which are sUbei^sed. The cells con¬ 
tain many tarcb g^ins and hence they form stamh-shieiirth. 
In some .kiems, the eisde^mis cannot ^ disttngu|dhdd« '^ 
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is) Next fca endoderniis, lies pericycle of one or several 
la>'ers of cells. In some stems, this may be absent or not 
so well-developed. This may lie thin-walled or li^nified. 
When the cells of pericycle become sclentochyinatous at tlie 
head of the bundles, they form hard bast. (See i)age 232). 

(4^ Next to i)ericycie, the vascular bundles are 
arranged in a ring. In a very few^ cases, the rings are more 
than one. In knmro and allied stems, krishnakalu hfAKxm, 
pafima, pan, etc. the ring of bundles is never single. Kacli 



Fi«. 147.■ 

Langitudinal section of sutittower stem, a - Cells of cortex 
proper, b—Endoderniis. c—Pericycle. d —Phlqem. 

©—Cambium, Pitted 'vessels ■ of xylem. 
j{—Fil»res. U - Other vessels af xylem; i - Pith. 

bundle consists of xylem, cambium and phloem. Ah 

xylem is iniernalanti phloem is external in the bundle, the 

arratigemenlt is collateral. Bundles are open,, as cambium 

intervenes. I^liwee^Xylem and phloem. For the elements of 

xylem ahd fbloem {see page 231). 

ipi im|lifBary rays consisting of. eloii^ated cells of 

are ra^ally situated between tlm bundles. 

iorming the core consists of big parenobyina- 

.ious oeUs'^ftfi of starch grains. Sometimes,^pith is absent. 
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B. Structure of the monocot stem 

• * 

The following tissues are found in the transverse section : 

(1) EpidermiSj as in Dicot stenv consists of brick¬ 
shaped cells in one layer. The cells have cutinised 
outer walls. 

(2) Ground tissue fills up the yrhole internal space 
•excepting those occupied by the bundles. This is not 




Pig. 148. 

•Cross siootion of a Mouocot atom- E—Epidormia. »c-‘-8cloreiichyina. 

Gr—Ground tissue. B-bundle. 

.differentiated as^m Dicot stems. Cortex proper, endodermis, 
|)ericycle, medullary ra^^s and pith aie not distinct.’ AU the 
cells of the ground tissue, with the exception of those imthe 
periphery, are parenchymatous. The hypodermis usu^dy 
consists of a few layers of solerenchyma which is closely 
associated with the' several patches of sclerenchyma opnnecti^ 
ing the peripheral bundles. In lily and other allied stems,: 
pericycle of a few layers is differentiated. . . •.. .. 
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(8) Bundles are more numerous than those in Dieot 
stems. They seem to be scattered, hut when closely examined^ 

they are found to be 
arranged in several 
rings. Bundles are 
closed, as they ]}osseHs 
only xylem and phloem 
arranged collaterally. 
Each bundle is sur¬ 
rounded by a Boleren- 
chymatous bundle** 
sheadb. The elementa 
of xylem and phloem 
ai*e mainly the same 
as in Dicot bundles.. 
The big cavities in the 
centre of a bundle 
represent the big pitted 
vessels. ^ There is no new addition of elements*- to the xylem 
and phloem owing to the absence of the intervening 
cambium. It is for this reason that growth in thickness in 

I* 

Monocot stems is impossible except in a few cases as 
Drctcaeruit and some palms. 

* 

C.-^Structfireof pine stem (Gymnosperm). 

Generally/ the ^ stem agrees with that of a Dioot, from 
which dinars in the following points :— 

X:Peitl consists mostly of tracheides which may 
onlar^and pitted. The wood vesaeli -are 
idblWt ^il^lrderid ^its on the traohsides are very common 
aind prcnninint. 


Fig. 149. 

Monocot 8tcm bundle. Be-~Bundle- 
sheath. Ph—Phloem. Pt- Pitted 
vesfiel. Xy—Xylem. 

Gt*- Ground tisHUe. 
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(2) Phloem has no companion cells, which are 
replaced hy albuminous cells. The si^e-plates are 
on the lateral sides. 

(3) Resin ducts are present in the cortex as well as in 
the wood. 

(4) Medullary rays arc very* complex. Those in 
the xylein consist of« sta'rch-containing ceHs and 
tracheides. Those in the phloem have atai^l^ in some 
and albumen in others. 

4 

In Cycas, another Gymnosperm, the ducts secrete 
mucilage and the xyleui consists of only tracheides. The 
starch-containing pith occupies a large area. 

D. Structure of Fern (a Pteridophyte) stem. 

The stem is characterised by the following peculiarities :— 

(1) Epidermis is the outermost layer in most of the 

stems. This single 
layer has the oell- 
Walls wavy. The cells 
linay contain^ cbloro- 
plasts. 

A (2) Hypodermts, 
,next to epidermis^ con¬ 
sists of a few layers of 

scljerencbyma. 

<3} Ground 
next to hypodsrbns, 
cpnsistx of piMpeoisliyma 
which dlls up i^e whole space excepting thh 

(4) stales are many in the stem yhiclit 
becomes pplj^steUc ; rarely it becomes monbst^Ou f 



Fig. IfiO. 

Fern stem seetioh ( diagrammatic). 
a —Spidle^i.Bj)).b «^SoleEench7ixta. 
c Gtoionirtissue, d—Stdie, ^ 
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(5) Eiicli stele is suirouncled by (a) single layer of 
pericyle and then by (b) one or two layers of endodermis. 

(6) A stele consists of parenchyma in which xylem 
and phloem elements lie einl>edded. The xylem is in 
the middle of the stele and is surrounded hy the phloem. 


C- 





Fig. Wt 

Traiisverso H<x$tioj|^ of a Fern stele, a -Kndodernii«. b -^Pericycle, 
c -- Smaller elements of xylem. d—Bigger trachoidoa. 
e~ParoDchyma. g -Phloem. 

f ^ wm* 

The aan*ai|^inent, thus, is concentric. There is no 
€ainlid(|lli.f ^ Kylem consists mainly of scalariform 

dee others of spiral and annular types, 
Proto-xylem consisting of small spiral 
iradheidls fa at the end of the xylem. Phloem Consists of 
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mainly sieve tubes and parenchyma. As in tlie i)ine 
stem, companion cells here are totally absent, and 
tlie sieve-plates are lateral instead of beinj? transverse. 

E. Structure of Selaginella stem (another Pteridopbyte) 



Fig. 152. 

Selugiriella stem, a- Epidermis, b -Sclereiichyma. c-^Grouud 
tissue, d—Air space. e “Pericyle. f—Xylem. 
p—Phloem, g—Pliidodenhis. 

Selaginella^being a Pteridopbyte agrees in most respects 
with the structure of Pern stem. The following points 
should be noticed :— * 

(1) As in Pern stem, its stem is mostly polystelic and 
sometimes monostelic. 
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(2) Each stele is surrounded by an air space ^vhicll is 
bridged over' by long rows of ceils connecting the stele 
with the paienchyma of the ground tissue or with the 
neighbouring stele. These connecting cells &re thin-walled 



^ Pig. 153. 

^ B!quiiiettttn stem, a-*Epidermic. b—Scleroiichyma. Stomata 

d~CMovoiihy11'Cantaiiiing oelJs. e*-Cortex. 
f-^Valleoular cavitv. g-* Endodermin. 

/h-T-carinal cavity, i—Phloem. 

, t k-^Xylem 

and represelitftbe endodermia of the stele. This differs 
Belji4df>9ilai^%fn Feras and other Pteridophytes. 

is usually developed centripetally; 
proto-xylexh groups are on the outside. 
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F. Structure of Equisetum stem. (Pfeeridopbyte) 

t 

Though Equisetum is a Pteridoph^^, the internalfStruoture 
of the stem approaches most nearly to that of a Dioot. As in 
the Dicots, the separate bundles are arranged in a ring which 
is surrounded by a layer of pericyole and then by the one¬ 
layered endodermis. The stein is ribbed^ that is, there are 
ridges and fum>ws. The%tem is characterised by the deve¬ 
lopment of intercellular spaces ap|)earing in two rings. 
Those spaces in the outer- ring called vaUecular cavities 
are in the cortex and stand in front of the furrows, while 
those in the inner ring called carinal cavities are placed 
below the bundles and stand in front of the ridges- The 
vaUecular cavities are fuU of air, while the carinal cavities 
contain water. The bundles am aU closed. The two groups 
of xylem on the two sides of a bundle enclose one group of 
phloem in the middle. 


ROOTS 


A. Structure of a young Dicot root. 

On cutting a transverse section of a young root, the 
toUowing tissues are noticed from outside within :— 

(1) Piliferous layer or epiblmna is the outermost 

layer. Though it corre^[K)nds to the epidermis of the stem in 
position it does not agree with its structure and function. 
It hears many?iiiilcellu^ rpot*>liairs. in jone 'layer which 
absmrb food fnnp the smt , ^ : 

(2) Next to eptblema. Is the ctntea which, is 

tiatedfintq two paiiSt .cortex {iriK^i!^ 

mis but when epiblema vanisl^^ 
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differentiated part, forniR the outermost protective layer: 
Sometimes, exodermis is present internal to epiblema. Cortex 
proper consists of several layers of parenchyma without 



P \ Pig. 154. 

Groins sectioi^ojl a 4icot root, a—Root hair, b—Epiblenia. c—Cortex 

e—Pericycle. fT-Xylem. g—l^loeni. h—Pith. 

ehlhropla^f^l Ende^rmis ia always present in the root as a- 

distinct tissue. The suberised radial walls 

S>nd the'‘|i$eiibccr of. abundant starch in the cells are the^ 

oharacteristiis of endodermis. 


PRIMARY TISSUES 


24f> 

(3) Pericycle lying just below endodemriisjs also one¬ 
layered and distinctly developed. The cells arti all thin- 
walled. This is a very important layer in roots, as rootlets 
take their origin from this layer. So their growth is endo¬ 
genous. Pericycle also takes ])art ^ in the development of 
cambium formed during secondao' growth. 

(4) Bundles—Xylem and phloem form separate 
bundles. They are equal in number and are alternately 
arranged on the different radii. Hen.ce their arrangement is 
radial. Caml)iuni is absent in the young root but arises 
only in connection with secondary growth. Proto-xylem 
and proto-j)Iik>eni elements are both situated just beneath 
the pericycle. Both of them develoj) towards the centre, 
that is, centripetally . The . elements of xylem and phloem 
are mainly tlie same as in Dicot stems. In steins, the 
narrow vessels are neai'er the centre and the wider nearer 
tlie circumference, hut in roots this order is totally reversed. 

(5) Pith occupying the central jiart consists of big 
parenchymatous cells witli starch. 

B. Structure of young Monocot root. 

The Monocot roots differ from Dicot roots in the 
following points :— 

(3) The bundles of xylem and phloem in inonocot roots 
are numerous! The number of bundles in Dicot roots 
varies from two to five in iiairs, hence tliese roots are des* 
cribed as diarch, triarchy etc., according to the number of 
pairs. The Monooot roots are always polyarch as they 
contain many bundles. 
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(2) The pith is large and persistent which in Dicot 
roots is S9on replaced by the developing xylem. 

(3) Rootlets are usually absent, so i)ericycle is not so 
useful a layer as in Dicot roots. 



Kig. 156. 

Cross seotiou of a Moiiooot Root. EndodemiiH. b—Pericycle, 
t—Xylom, d—Phlodm. e—Pith. 


C. Structure pi Gymnosperm root 

y #■ 

I* ^ 

This resef k^es the Dioot roots in the following points 
(j) ]^oo |4tfltir8 j»re very scanty. Mostly they are 

(!2) r^rifcycll^ is not one-layered but consists of several 
layers of oeln. This surrounds the one layered endodennis. 
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LEAVES 

4 

A. Structure of Dicot leaf 

On cutting a tranflTerse section of a dorsiventral or 

bifacial leaf wliich has two well-differentiated surfaces, 

% 

upi^er and lower, the follciwing tissues are noticed 

(1) There are two layers of epidermis, —one on the 
upiier surface and the other on the lower. The epidermis 
may bear stomata and hairs besides ordinary epidermal cells. 
The stomata are usually confined to the lower epidermis. 
In yertical leaves, however, stomata are distributed on both 
sides and in floating leaves, stomata are confined to the 
upi^er epidermis. The cuticle on the epidermal layer 
is sometimes well-develoiied. The epidermal cells are 
rectangular and in one layer. They are not green l^nt closely 
arranged. 

(2) Mesophyll or a gi*een parenchyma lies between 
the upi)er and the lower epidermis. The • parefiohynia is 
divided into two parts, namely, palisade and spongy. 

The palisade cells are elongated and arranged 
oompaotly at right angles to the upper epidermis below 
which they are placed. They are in one or several layers 
and contain a large number of chloroplaats all regularly 
arranged along the oeU-walls. This arrangement is meant 
for the protection of the chloroplasts when the stmlight 
is intense. 

k 

The spongy cells are just above the lower epidermis. 
They »are in several layers and more or less roundii^h in 
form. The chloroplasts in the cells are not so nutneious 
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as in tile palisade but are scattered, The cells are loosely 

t 

arranged ^with many intercellular spaces lietween tlieiii 
which are big above the stomata of the epidermis. The big 
spaces called respiratory cavities form communicating 



Fig. 150. 


Transverse of a bifacial dicot leaf, a—Upper epidermis. 

6elb. Bs.—Kundle-sheath. xy—Xylem. 

c -Spongy cells n—Cavities, s—Stomata. 


channel between tke air oijtside and the mesophyll inside. 

cells are mainly responsible for carbon 

4 t > 

assimilatiort, | respiration and transpiration though the* 
lialisade cells^ke part in carbon assimilation also. 
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(3) Vascular bundles apiieariDg between the palisade 
•and spongy parenchyma may be large or stnall. Tliey 
consist of xylem towards the upper surface aifd phloem 
towards tlie lower. Bundles are collateral and also closed. 
Each bundle is surrounded by a bundle-sheath of 
parenchymatous cells which are quite different from tlie 
cells of mesoiihyll. • 

The section erf a leaf taken from the midrib shows that 
it consists of two epidermal layers between which lies the 
ground tissue of colourless cells. Tlie bundles are in 
the middle of the ground tissue. They are closed and 
arranged in the same way as in the other portions of the 
leaf. Besides medullary rays in the bundles, there are 
two layers of endodermis and pericycle placed one above 
the other in order. Thus the section approaches^ more 
nearly to the stem-structure. 


B. Structure of Monocot leaf. 


It differs from the Dieot leaf in the following points :— 


(1) Mesophyll is not differentiated into palisade and 
spongy tissues. All the cells, here, are mostly of the 
spongy type. 


(2) There are many patches of sclerenchyma occur¬ 
ring here and"" there or usually between the vascular bundles 
and epidermis. « 


(3) The bundle sheath usually consists of sclereA- 
chjrma. 
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C. Structure of Pine (a Gymnosperm) leaf. 

The leaf is triangular differing widely from Dicot and 
Monocot leaves. The following are to be noticed :— 

(l) The single epidermis has thick cuticle and sunken 
stomata. The hairs are absent. 



Pig. 157. 

CroKB Hect^ of pine loaf. A—Epidermic. B—Stomaia. 
c—HypodermU. d—Hedophyll. e—Endodormia. 
f^-Perioycle. g—Xylcm. h—Phloem, 
r ir--7ranafa8ion tissue. 

/ r —Beein duct. 

w ’ ^ 

(2) Hj^p^dMi% consists of sclerenchymatcnls fibr^ 
of Wo or tf 

^o^j. the hypodermis there is a number of 
#s4e4 Bach dndt is surround^ 
which is agaim surxoixiidBd'by. a, 
^sheadi. 


. 0 : , 
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(4) The mesophyll cells are not differentiated as in 
Dicot leaves. They are all uniform and provided with 
t)eculiar cellulose projections on their inner walls. 

(5) There is a layer of endodermis just beneath the 
mesophyll. 

(6) Next to endodermis is* the many-layered 

pericycle. ^ * 

(7) Two vascular bundles lie within the pericycle. 
They are collateral and consist of only xylem and phloem. 
Xylem faces towards the flat surface and phloem towards 
the convex surface of the leaf. Cambium is absent. 

(8) Transfusion tissue lies within the pericycle. 
This consists of (a) living albuminous cells with starch 
and proteids and (b) dead tracheideal cells with 
bordered pits on their walls. 


Summary of Chapter Vll 

1. Growing point of shoot.— There are three layers of cells in 
the growing region vise, (a) Dermatogeh,. vdiieh divides to form 
epidermis, (b) Periblem, which, divides to form cortex, (^c) Pleromer 
whidii forms stele. 

3. Growing point of root.^The three layeo are : —(a) Oaly* 
ptrogm, which forms pilifetons layer and roetHBSp, (b) Peribto,. 
whidb forms oo|;^,,lc) HeromCt which forms st^e. 

3. GltSOt Stem oondstS ol tito* following pai^ :—Ce) Epidermis,. 

(b) cortex, divided into Ji^podlmni8^ cortex proper and endoden^s^ 

(c) pericycle, fd) bundles^each divided into xylm^ jmA 

phloeid; <e)pith. - | 
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4. KonoCOt stem differs from the dicot in having undifforeiitiatcd 
ground tissue and numerous vascular bundles. 

5. Gymnosperm stem differs from the dicot in the following - (a) 
vessels and comi>auion cells absent, (b)‘bordered pitted trachcides. 
(c) sieve plates, lateral, (d) resin ducts in wood and cortex. 
>(e) complex medullarv rays. 

6. Fern stem consists of—(l) epidermis. (Si) hypodermis, (3) parou-- 

ehyma, (4) steles—each with (a) endodcrmis. (b) pericycle, (o) phlotuii, 
i(d} xylem. (e) parenchyma. • 

7. Selag'inella stem has one or several steles— each is surrounded 
by air space connected by endodennal cells. Xylem develops 
centripetally. 

Equisetum stem is charueterised b\ cavities in two rings. Tt 
agrees broadly with dicot stem. 

8. Dieot root has the following—(1) piliferous layer, (2) hypo¬ 
dermis, (3) cortex proper. (4) e.xoderTnis (5) endodermis. (6) pericycle. 
(T) xylem and phloem arranged .separately (8) pith. 

Monocot root differs from the dicot in having more bundles of 
xylem and phloem and persistent pith. 

Gymnosperm root agrees with dieot but the routdiuirs are 
-absent and the pericycle is many-layere<l. ^ 

9. Dieot leaf consists of (l) upper epidermis, (2) palisade tissue, 
.(3) bundles «'ith xylem and phloem. (4) spongy tissue with cavities. 
(5) lower e|[ndermis, 

HonOCOt leaf has the mesophyll undifferentiated and the scleren- 
uhyma in patches. Pine leaf consists of (1) thick-walled epidermis 
with cnticie and sunken stomata, (2) hypodermis; (8) resin ducts, 

' (4) niesophyll,;^5) endodermis (G) pericycle (7) vascular bundles (two 
.imly) (8) transfusion tissue. 
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Exercise Vll 

e 

1. BeHcribo the hintology of the growing point of a nonocot or 
dicot root.—C. U. 1927, 1919- 

2. DeHcribo the Rtructural difierence between the growing point 
of a stem and that of a root. IlluHtmte your anewer with ^ketchOH. 
—C. U. 1929. 

8. Beitcribe the structure of a,typical dicpt etem as seed iu the 
tmusverse or longitudinal sAxtion.—C. U.- 19^6, 1928, 1922. l9l7 
1910, 1914, 1912, 1909. 

4- Describe, with the aid of a diagram,the microscopical appearance 
of a tranaverse section of the stem of a monocot plant.—C. U. 1988 
1924, 1922, 1921, 1920. 

5. Describe the morphological appearance of the transverse section 
•of the root of a monocot plant.—C. U. 1925, 1915. 

0. Describe the cellular tissue of a typical leaf. Give a sketch and 
-mention the functions of the various kinds of cells in the sketch. 
—C. U. 1926. 1919, 1912, 1911, 1910. 

7. Compare the fibro-vascular bundles in a mcmocot stem with 
those in the chisome of a fern as regards distribution and structure. 
—C. U. 1917. 

(Hint Both of them are scattered butmonooot bundles belong to 
a single stele while fern bundles belong to many steles^ Monocot. 
bundles are collateral and covered by bundle sheaths. (For tissue 
elements of the bundles consult page 280). 

8. Describe the intertial structure of a coniferous tree and point 
out how H differs from that of a dioot.—O. U."1926, 

(Hint: —Hue may be taken as the coniferous tree; F'or the internal 
structure, stems,, roots and leaves are to be described and compared 

, I ‘ » 

with those of a dicot). r • •' 

' 9. Describe, with sketches, l^e mtcroscoplc atrncture of 

' ' . ,1 ^ \ V* 

.stem-as 6^^ tn trppw^ee,Sie<rii|k>n-^~-G.,tJ< 19^. 
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Secondary growth 


We have so far the description of all primary tissues 
and we know how the piitnary growth is complete. In all 
herbaceous dicots, the roots and stems do not much increase 
in thickness as their primary tissues {lersist all through 
without undergoing any further change. But in woody 
shrubs and trees after the completion of primary growth 
their bodies increase in bulk by secondary growth. This is 
due to the formation of new tissues owing to the activity 
of cambium layers which appear as secondary meristems in 
them. The new tissues are formed both in the intra-stelar 
as well ag in the extra-stelar regions of stems and roots. 

I 

A. Intra-stelar secondary growth in stems 


We know that the fascicular cambium between 
xylem and^phloem is a meristem. This divides and produces 
new cells i|r|iiph are added to the xylem and phloem. Thus 
th^ey inoreiM^ their elements. When secondary grovyth 
the '^imary medullary rays .situated between 
tolar cambium layers divide meristematicaliy 
Bbw ^bmbium layers called inter-fascicular 
The two kinds of cambium layers now join 
form a complete ring of cambium round the. 
ider. 


comm 
any.itwo 
and 





tocher <^ti 
-centred cyl| 
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The fascicular cambiuhi of the ring serves two 
rnnctions;— ’ • 

(l) It continues the formation of new xylem and 
l>hloeni as I>efore. 



Pig. 168. 


Secondary growth, in dicot stem. A—Before secondary growth. 

•B—VVhen secondary growth commences. P—Phloem. 

C — When secondary growth takes place, for—]^- 
* cicular pamhinm. ifo—Inter-iascjicnlar 

cambium, x—Xylttm. c—CJortex., 

8. X.'—•Secondary , xylem. 

s.p.—Secondary jfttloem. 

(2) It produces long pat^chymatous cells within the 
bunidles called s^cptidarp mediiltoy tmy$. UnHbe the 
primairy rays, these nevely-formed rays are ooni^ned Whin" 
the bundles. v - * I 
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The inter-^Eiscicular cambium serves in ttie same way 
fche two functions but wliat is the primary function for tiie 
fascicular cambium is secondary to the inter-fascicular one 
and vice versa. Thus, 

(1) It adds ^>argnchymatou8 cells to the primary 

iiieduUar>’ rays which becoming elongated in this w’ay extend 
from pith to tlie cortex. * 

(2) It also adds new cells to the xylem and phloem 
towards their respective sides. These are called secondary 
xylem and |>hloem elements. 


The nevs'ly-formed elements of xylem push the primary' 
elements towards the pith which is soon occupied by xylem. 
Thus by the continual increase of secondary xylem and 
phloem and the production ot secondary medullary rays tiie 
stems gradually increase in thickness. 

Secondary xylem consists of (1) pitted vessels, (2) 
bordered pitted tracheides, (3) wood fibres, (4) wood 
pare|ich 3 fma. Secondary phloem consists of (1) sieve 
tubes, cdmpanion cells (3) phloem parenchyma 
(4) phloem Blnres. 


In Gyiiii^osperms, secondary growth occurs in the 
same way. liere, the secondary xylem consists of mostly 

""tracheideslli^ bordered pits. The vesseb are absent. 
Secondary pli^ai has sieve-tubes and parenchyma. The 
companion fiellt kre wimting. The sieve-tubes 

have lateral * 

in the bundles are closed them is no increase 


in the bundles are closed theta is no increase 

in! Themes further gmi^th &l the stem, vfhen 
e^|&>^sn theit individual gmwtb^^ Se^^ary 
growth Ojocuxl in some Honocotsi. {See fiage 242}/ 
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B. Intra-stelar secondary growth in roots. 

We know that before secondary growth in roots there 
are separate xylein and phloem bundles situated just beneath 
the jiericycle. Both of them develop cenfcriiJetally. Soon 
the developing xylem bundles meet in the centre and occupy 

the place previously occupied by the pith. For this reason 

• 

wlien primary growtli is a^omplete in Dicot roots there is 
usually the absence of pith. 



Pig. 15TJ. ■ ■ 

A. B, G, D—The Hucceflsive stages of the seqoudafyj giix^th iu 
Dioot root. p.x—Primary xylem. p- p—Primary j^loem. 
G—Cambium,. .s. x-^Beco^ary xyietn. 
fl. p—Secondary phloem. 

When seoondaiiy growth ooiiimeac^,tha parpnehyma lying 
helow eaeh phloem group divides inerisl^ematl^ly to forin a 

. < h * ^ j ‘ 

strip of albcondary camHiiini Similar divisions occur soon 

, / • s , 

in the pa^nohyma between xylem. and phloem. ’ The cells 
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of the pericycle lyinji just above the ijmto-xylem f^roiip also 
become inoristeniatic after divisions and join with other 
strips,—one fwined below phloem and the otlier formed 
between xylein and phloem. Tlius a wavy continuoiis riiift 
of secondaiy cambium is formed. This cambium of root 
ditters from that of stcyn in being entirely secondar!/. This 
wavy cambium goes on producing secondary xylem on the 
inner side and secondaiy phlcfem on the outer side. 
Gradually the wavy ring becomes circular as it is active 
below phloem wdiicli is pushed forward. The circular ring 
of cambium now acts in the same way as in Dicot stems. 
Primary and small secondary medullary rays also 
develop now fmm the cainhiuin nng. 


Annual rings i]p dicot stems and roots 


Tlie meristematic cainhium is not uniformly active 
’ throughout the year. It is nearly inactive in winter hut 

highly active in spring. The 
xylem elements formed by cam¬ 
bium in winter are quite diff¬ 
erent in form and function from 
those produced in spring. The 
elements added to the xylem in 
winter are long, narrow fibres 
and tracheides. But in spring 
when the plants work with 
renewed vigour and roots absorb 
"a large quantity of water the 
|#re briad and wide. They form sirring wood 
while: f^hos^ lidded in summer cff winter form autumn 



Autuial riagiii m matuire 
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wood. Tlius every year two distinct different layers of 
xylein are produced by cainbiurn to form concfentric rings 
wliich alternate regularly. By counting their number in 

an old stem its age can be approximately determined. 

These concentric rings are called, annual rings. 

« 

Duramen and alburnum • 

In old trees the core of the stem or root becomes distinct¬ 
ly differentiated from the i>eripheral region. The core 
consists of com])]etely dead wood elements which are highly 
colc)UJ*ed and strengthened due to the deiwsition of tannin and 
other colouring matters on the walls. This is well seen in 
old trees of bahla, hantal, sal, ablns, etc. This is called the 
heart-wood or duramen. Tlie i)eripheral part of the stem 
through which saj) is now transfen^ed from the roots is 
called sap-wood or alburnum. 

Extra-stelar Secondary growth 
A. Formation of cork 

When secondary xylem and phloem elements continually 
increase in number due to the activity of the cambium 
they push those cells which stand in tlieir front in order to 
make room, l^essure at last falls on the outermost tissue, 
the epidermis, which is thus stretched and ruptur^. This 
stimulates the formation of another seoorfdary meristem of 
cambium in the extra-stelar i*egion. This is known as 
phellogen or c(^ cambium. In most of the stems it 
arises from the hypodermis but* sometimes it takes its origin 
in the superflcial layers of cortex proper. The new 
cambiuip now goes on dividing and forming new cells on its 
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both sides. Those cells formed on the inner side ai'e big^ 
parenchymatous green cells of phcllodcrm. The cella 
produced on the outer side are at first living and thin-walled. 



Fig. 161. 


Cork mrmati&ii in a mature dicot stem. a—Rimtured epidemii 
b-i-CSork, p^Cbrk jcambiam. e -Phclloderm. a- Cortex; cells. 
™f^S^ndary medullary rays, g—Cambium. 


e-Phl 


b;|l, k-tbfe three suooessive rings of xylem. 
m—primary wood, n—Pith. 


become suberiged and they ai© 

. L V 


iy that the intercellular spades are absent 

) u 

ill ihMi. ^for. 'are rectangular in form and ultinmtely 
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tliey lose protoplauni and become dead. These cells form 
a dead tissue which is known as COtk or p^vi<lerin. 

Suberin l)eing imi^ervious to water, when the suberised 
cells of cork form a compact barrier, epidermis does not get 
any supply of water or food from the internal tissues. Thus 
cut off from nourishment, epidermis ^es and in included into 
the dead tissue of cork. J[n many stems, the phellogen does 
not i^ersist long. Soon it becomes inactive and dead. In 
roots, the phell<^n takes its origin in the perkeycle. 


B. Fonnatian of Bark 

f 

When the first-formed phellogen becomes inactive and 
dead, it is replaced in most dicot trees by a new phellogenr^ 
which takes its origin in the deeper layers of cortex. In 
the same way, this new phellogen produces a new cork 
layer which cuts off' its connection from the internal tissues.. 
As a result of this, all the tissues outside the new 
phellogen die oft* and are added to the first-formed i^eriderm- 
Soon the phellogen be<;K>ming inactive and dead is ali^o 
transformed into peridemi. The elements of si^ondary 
xylem and phloem are still on the indiease diiiS to the 
activity of cambium so there is continual interned growth 
and consequent thickening of stems. Aether pliellogen 

I 

arises to produce another layer of periderm which does not 
allow any furtb^ absorption ol food or welter from the 
internal tissues. Thus all the tissues lying outside dry up 
and become* dead. This process continues, till the whole 
portion of cortex, pericyde and sometimes even phloem 



266 


HISTOLOGV 


is converted into a dead mass called bark. Bark tlius 
consists of 'a number of superposed periderm layers. 
It implies all the dead tissues lying outside an active 
phellogen. 

Bark may form in patches as in pfifuia where it is called 
scale bark. In am, it forms complete rings so it 

comes a wav in sheets. Tfiis called ting bark. 

Functions of cork or bark 

(1) It protects the inner tissues from the attacks of 
animals or insects, etc., disturbances of weather, external 
injuries and fungal growth. 

(2) It diminishes loss of water hy transpiration and 
evaporation. 

(3) It cliecks loss of heat. 

(4) It removes waste products when it falls oft' from 
the tree. 


Formation of lenticels 


The cork or hark ])roduced hy the activity of piieliugen 

forming a thick conti¬ 
nuous ring closes the sto¬ 
mata making respiration 
and all interchange of 
gases imix>8sible So special 
structures originating just 
beneath the stomata are 
produced by phellogen. 
They consist of a few rows 





I(3> < 0^1 


Tlinticels. 




» V > * 'll © 

oC gaseous interchange 

ibetween tlife ^iant and the exteiilal air liecomes possible. 
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They apiiear as so many brown or wliite si)ecks on the 
surface of the mature stems 'and aerial roots, as jaha, 
fiiviul, kea, etc. . * 


Tylosis 

Wfien tlie vigorous growing 



V V 


Fig. IGS. 

T—Tyloses. 

V—vesjtels. 

the cavities of vessels 


parenchymatous cells 
surrounding the vessels 
press the latter hal'd they 
push tlie middle lamella of 
the pits inwards and fill 
the cavity of the vessels 
by developing in them 
sac-like cells wdiicli 
continue to grow. These 
are known as tyloses 
wdiich though are freciuent 
in the vessels of tlie heart- 
wood are also found to 
occur in the ^ap-wotnl. 
They heal up the wounds 
of the vessels when they 
are thus inflicted and 
serve for the storage of 
starch. Such a growth 
of imrenchyma wdthin 


is called tylosis. 


Leaf-fall 

In an articulated leaf, when it is about to fall, some cork 
cells foirm a layer across the base of the leaf-stalk. Outside 
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this layer and towards the leaf another layer of parenchyma¬ 
tous cells called absciss layer is formed. The cells of this 
* 

layer separate from one another owing to their middle 
lamella becoming mucilaginous. The cells may also become 
disorganised when the bundles of the petiole nov^r find 
themselves too feeble to hear the burden of the whole leaf 
which then falls off. The « 0 xix)sed ends of the bundles are 
covered by a mucilaginous substance s^reted for this 
purjwse. 


Healing of wounds 

When the tiow'ering plants or Pteridoi)hyte8 are injured 
in any part of their organs, the uninjured layer of cells lying, 
just below the wounds develops a i>hellogen and then a new 
cork layer in order to protect the injured surface. Sometimes* 
when the plants are woody, instead of producing the cork 
cells, a mass of parenchymatous cells of so-called callus in 
the form swollen growths arises in the unipjured cells 
bordering the wound. These cells covering the wound fom» 
cork. If the wounds he so deep as to reach the cambium of 
the stems, freph patches of cambium may l>e fotmed by the 
i^callus* Laticiferous cells or ve^ls, when wounded, may heal 
up their wouijtls, by the coagulation of latex at the jKunta 




ehaptar Vlir : 

iWicatea the of rdssaeti. 

'’Ip of' osmbiom' layers 'teeuitlng, ffi'. dtO; h^^peane' in 


tItlofcliefHi of 


where cambituh is aoUva. 
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2. Intra-stalar secondary growth In stems.— Inter-foscicuiar 
cambium atripft are formed between the laHoicular cambium Htripa, 
Both of them join to produce a continuous circular rfng. This 
produces new xylem. phloem and medullary rays. Some of the rays 
are within the bundles and others extend up to cortex. 

8. Secondary growth In roots, —New cambium is formed when 
the parenchyma l>elow phloem, between xylem and phloem and above 
xylem becomes meristematic-^ This cambium is at first wavy but 
gradually becomes circular by pushing the phloem bundles forward- 
It then acts as in stems. 

4. Annual rings-— Cambium being not uniformly active in the year 
produces spring wood in the spring time and autumn wood in other 
scasoiiB when the activity is much less marked. These two types of 
wood form two rings every year called annual rings. 

5. Ouramon and alburnunoi.— The core of the mature stem or 
root is called duramen ivhile the surrounding wood in which the sap 
flows is called alburnum. 

6. Formation of cork- —internal pressure of new xylem and 
phloem causes the rupture of epidermis and the formation of phellogeii 
in the cortex. The pheilogen produces cells outwards and inwards. 
The outward growing cells soon become suberised and dead. They cut 
off the connection of inner tissues with their outlying cells which also 
become dead. These dead cells in layere above tde pheilogen form 
cork or periderm. 

7. Formation of bark.— This process is the same as in the case 
of cork but it cmislsts of a number of superpo*^ periderm layers formed 
by a series of pheilogen. 

8. LontiOOlS.—These are loose cork cells formed by phellpgen in 
the stems for the interchaiige of jpMtes. 

9. Tylosis.—This is a growth of parenbhyma in the cavities of 
vessels.m the form of mus-like cells. 

10. Loaf’fa.11.—This takes place by the formation of cork cells and 
a iay^ of parenchyma called absciss layer. 

11. Healing of wounds *—This occurs, by the Iprmatiofi of 
pheUogm o)r oallur Hurrounding the wounds. 
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Exerctse VIII 

r 

1. Whi'.t in understood by secondary growth ? What is its signi* 
licance ? How does a dioot stem grow in thickness ? Is the metliod of 
growth the same in dioot and monocot plants ?—C. U. 1929, 191G, 1912. 

2. Describe the structure of the transverse section of a dicot stem 
in which secondary thickening has just commenced.—C. U. 1918. 

8. Describe the structure of the^ transverse section of the stem of a 
dicot which is three years old. —C. U. 19^1. 

Explain the formation of ring-like markings in the wood of a 
dicob. Why they are absent in the stem of a monocot ?—C. U. 
1914, 1913. 

5. What is cork ? How is it formed and in what part of the plant- 
body ? When leaves fall, how is the wound closed ? What is liable to 
happen if the wound is not closed ?—C. U. 1930, 1909. 

6. What is bark? How is it formed ? What' are the functions ? 
—C. U. 1931, 1928, 1920, 1917, 1912. 

7. What are lenticels ? How are they formed ?—C. U. 1933. 



PART III 

PHYSIOLOGY 


Physiology is that division of Botany which deals witb 
the various actions which a plant carries on as a living 
organism. This usually enquires into the nature of food 
materials absorbed by the plant, the method of absorption, 
the result of absorption, growth, reproduction, etc. 

There are three important branches into which Physio¬ 
logy is divided :— 

(1) Physiology of Nutrition includes those processes^ 
in which food materials after absorption are transformed 
into the substance of plants. 

(2) Physiology of Growth and Movement deals with 
the changes of forms of plants and the manifestations of 
l>ecuUar movements. 

(8) Physiology of Rept^xluction deals with the- 
Separation of those parts of plants by which new individ^uala 
are produced. 



CHAPTER I 


1H>0D OF PLANTS 


Compoiitioii plants. —It is evident tliat all tlie 

elementaiy substaaoes which are found in plants are con¬ 
tained in the food which they absorb. If we can learn what 
chemical elements tlie plant substance contains, we can 
easily determine the nature of the plant food. 

/ The composition ol plants cfin be determined by {a) 
chmnical analysis, or (/^) by water-culture method. ^ 


(n) Chemical analysis. 

A fresh plant is at first weighed and then dried in the 
sun for several hours. The dried body is re-weighed. The 
heavy diminution of w'eight is due to the loss of water 
which makes more than three-fourths of the total weight of 
the plant. 

^ All living plants or organs of plants contain a large 
' quantity of ^ater in Though it may vary in diffei’ent 

plants or pai^s of "plantSf the quantity of water present in 
any member |a;a^er less than forty t^er cent, of the whole 
le ^eiicmiieiit pkuits as kapi <^o., 

per ce,p|t. , tl^ totgl spl^tance. !]i?hus, 
i^gsportant of the matWials of which the 
up. ~ It plays an acfive part in the 
fo<|iC An active protoplasm is quite inca}>ahle 


iiody. * 
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of doinj* any work unless it is thoroughly saturated with 
water. Water also saturates the cell-walls, starch gi’ains 
and other carbohydrates. ) Ft is abundantly present in tlie 
cell-sap. When chemically analysed, it is found that hydro¬ 
gen (H) and oxygen (O) are the chemical elements which go 
to form the compound, water. 

VWlien water is di iveik off from the jdant, the dry sub¬ 
stance remaining is ignited in a closed vessel so that the 
gases given off’ during the combustion can easily be collected. 
Jf we test the gases they are found to consist of carbon 
dioxide, water and otlier coaii>oundh of niti’ogen and sulphur/ 
Tl>e elements comj>osing all those compounds are 
found to he hydrogen, oxygen, cari)on (C), nitrogen {N) and 
sulphur (S). ^ 

The combustion is allow'ed to continue until the residue 
left behind is ‘ash’ which suffers no further change even if it 
he burnt repeatedly. On chemical analysis of the ash the 
elements invariably present in it are found to be phosphorus 
(P), calcium (Ca), magnesium (Mg), potassiuiy (K)«and iron 
(Fe). Besides these, sodium (Na), chlorine (Cl), silicon (Si) 
are also detected in some plants. Sometimes traces of 
iodine and manganese are also found.) 

,T 

The essential elements of plant food. 

•i 

If He\'eral other plants be analysed cheinicaUy in the 
same way as above, w'e find that the following ten elements 
are common in all planting These elements occur not only in 
the composition of the plant Iwdy but also in the food of 
plants. As without them theiV body can never be formed 
these eleqaents are essenti^ for the life of any idant. ) 

; 18 ' - 



274 


PHYSIOLOGY 


They are :— 

/ (1) Carbon. 

(2) Hydrogren. 

(3) Oxygen. 

(4) Nitrogen. 

(5) Sulphur. ^ 


(6) Phosphorus. 

(7) Potassium. 

(8) Calcium. 

(9; Magnesium. 
(10) Iron. 


Uses of the elements in plants. 


The ten elements essential in building up the body of 
the plant enter into the chemical composition of the sub¬ 
stances of which the tissues or cells of the plant consist. 
For the formation of cellulose, starch and other carbo¬ 
hydrates,-carbon, hydrogen and oxygen are necessary. The 
tliree elements form these comi)ounds by combining in differ¬ 
ent proporljions. In the composition of the living substance 
of the i>lant, i.e. ju'otoplasm, sulphur and nitrogen are 
required in addition to carbon, hydrogen and oxygen. 
Protojdasm contains all the elements which are found in the 
proteid substances. Besides the above five elements, 
phosphorus is also present in the protoplasmic substance 

S 4 

of the nucleus though it does not appear to be an essential 
constituent of protoplasm in general. Iron is an important 
element necessary for the development of chlorophyll. As 
regards the remaining three elements, })otassium, calcium,, 
magnesium, they are found to l>e important for the forma¬ 
tion and i7ro|)er distribution of carbohydrates. 

1 I- ' 

(b) Water ^ultur^ method 

/ - - f . 

IS ap experiment by means of which we can prove 
that plaats Igrbw 4iealthfly when they are cultivated in 
waiter in whleh certain salts containing the essential elements 

* Y 

have been dissolved.) 
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sWe know that plants require raw materials for their 
nutrition and they absorb them froinHlieii’ natural sources. 
Unlike animals, they have to take their food in a liquid 
form. They can drink hut can not take solid food. The 
raw food materials which they absorb fi'om the soil are 
always taken in when they are completely dissolved in 
water. Tlie soil in Ais^ respect is only necessary to 
supply tliose salts which contain the indispensable 
elements of plant food. Artificially we can select those salts 
and dissolve them in different proportionsdn distilled water. 
A culture solution is thus prepared, containing all the food 
elements which the green plants require. Any plant 
allowed to grow^ with its roots immersed in the solution and 
without being connected with the soil can thrive so long as 
the food materials are available from the solution. We must 
take particular care in the selection of salts in which all 
the nine elements (carbon excoiited), without omitting a 
single one of them, are present. In our experiments we are 
te’Kobserve also the results of the omission of any particular 
element from the solution. 


A good normal solution should have the following 
composition. 


Distilled water (H 3 O) ... 4 ; 

1. Potassium nitrate (KN-Og) 

2. Sodium chloride (NaGl) 

3. Calcium sulphate (GaSOi) 

4. Magnesium sulphate (MgSOi) 

5. Calcium phosphate Ca (P 04)2 

6 . Iron, chloride (.Fe*Ci«) 


• • • 


I litre. 

I gramme. ^ 

*5 gramme. 7 

•5 ' 

*5 



a few drops k 
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N. B.~It iM to be noticed that tlio quautitv of sattiii in the solution 
is very small in comparison with the volume of water in which the 
salts are dissolved Sodium chloride, _is not essential. Though there 
are plants which flourish with it others do not wHjuire it and so their 
growth is not affected by its omission. 

Expt. Select several well-grown seedlings of the same species, c.g. 
j)ea, all with well-developed roots Preference should be given to those 



, Fig. lf>4. 

Water culture experiment. Only the middle bottle 
contains normal solntiori. 

which are negirly of the same height and weight. The roots arc then 
thoroughly Waahed in distilled water. Fill up several wide bottles 
flttod with col'ks with acsidulated distilled wuter to a, little bclo>w the 
neckr Corks apUl «o thj^he seedlings can be suitably fixed. l*lace 
in one of thd ItjotJblea’att salt)? of the normal solution as given 
above atid 6,11 up t1h(C 4 remaining bottles with a solutioii from which 
one or the, otier ol the essential elements be wanting. For example, in. 

nitrate, sodium nitrate may be used or pota^ium 
lane 0 |'calojitim'phoBphate. In one bottle,, iron' may 
bted; Xn this way when these bottles are ' filled with 
tions, introduce' the seedlings through the split.corks in 
j$uoh a wfty ’t|tat the roots are all dip)>ed into the solution. Care should 


.plabcj^,; 
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«#(} taken that the seodlingK are HupplierJ with air and the bottles are kept 
under proper light and temperature. * 

After allowing the seedlingH to grow for several Veeks it 
is found that growtli is normal or healthy only in that 
seedling wdiere roots are immersed in the normal solution. 

In other cases, wherever there is* omission of a single 
element, growth is hamjjeredF. P\)r instance, the plant 
growing without potasiiim nitrate is stunted in its develop- 
merit. That which grows without iron is not green in 
colour. In the same way, the growth of other plants without 
tlie normal solution is not healthy. 

Tlie normal solution contains only nine elements. The 
tenth element, carbon, is altogether absent in tlie solution^ 
The plant in tlie normal solution thrives wrell and produces 
even dowers and seeds, althougli carbon is not offered to 
it. I^et us enquire into the source from which the large 
percentage of carbon found in all plants is derivetl. 


Sources of the food elements 

Carbon —.In our previous experiment we* have noticed 
that though carbon is conspicuous by its absence in the 
normal solution, the growth df a plant in it is very healthy. 
On the other hand, chemical analysis pf the plant tells us 
that half, the dry w’eight of a plant, .that is, the weight of a 
})l»i»nt after removing the water whidkit ,it cqatains, is found 
to be of earhon. Th is carbon the plant gains from the 
atmosphere which sun'ounds the green parts of plants. This^ 
j IS present in the' carbon dioxide always available in ^e 
» atracisphere. So long as the^is_SUijlighibl.Jdl^ a 

• . 1-1, tfi 

II plant possessing chloropliyll are eapkble of absorbing 

f \ I'^r- ^ V 

! jearbon moxide from the si?* the case of submerged 
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water-plants where they are not in contact with tlie 
atuiosp\iere, this carbon dioxide is taken from water in 
which it remains dissolved. In a ver>' few cases, carbon is 
absorlwd from tlie soil where it is found in 'he form of 
carbonates. 

Oxygen is an imixw'tant clenient next to carbon as it is 
]>resent in large proportion ’in the dried substance of the 
j)Iant. It always enters into the composition of most of 
the mineral salts obtained bjk’ the plants. It is deiived from 
the water absorbed by the roots and from carbon dit)xide 
taken in by the green parts of plants. 

Hydrogen is a gas like oxygen with which it comi)inos 
to form water. Bo it is derived mostly from the wjiter 
absorbed by the roots. It is jiresent in a very few mineral 
salts from whicli it is obtained. 

Nitrogen is present in much smaller jnoportion 
in the dry weight tbou^b it c*ccurs cliiefly in the proteid 
substances of plants. As aii* is a mixture of oxygen and 
nitrogen mainly, it is always present in air. But green 

c I 

plants can not absorb free nitrogen from the air. It is 
derivexl from the nitrogen-containing mineral salts and 
ammonia found in the soil. Insectivorous plants dei'ivo 
nitrogen from the captured insects. 

The remaining six elements are all derived fmm the 
mineral salts containing them. From sulphates and 
t^hosphates^ ])rantR can o^ain sulphur and phosphorus. 
Botassiumicaleiurn, magnesium and iron are present in the 
mine^l sails as their metallic radicals. 

’ and Wkter are mainly the three sources from 

wiiich the fcajprity of plants derive atl the required food 
materials. I (Consult chapter I, Morplmlog>') 
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Air as a source of plant food. Air is a mechanioal 
mixture and not a chemical compound. It consists of fx*ee 
■oxyf'en and nitrof^en mainly. Besides water vapour, 
trace of aniiiionia and a few other unimportant gases, a 
small quantity of carbon dioxide is also present. Thus, in 
100 vols. of air the following are thh different proportions 
of oxygen, nitrogen and carbon*dioxide. 

Nitrogen— 79*00 

Oxygen— 20*96 

Carbon dioxide— *04 

Total volume of air— 100*00 

Of the different gases in air, only oxygen and carbon 
dioxide ax’e of great service to the plant. Plants require 
oxygen for respiration and carbon dioxide for photosyn¬ 
thesis. We shall deal with these processes later. 

Soil, another source. —The soil consists of many 
organic and inorganic particles aggregated together in 
different propoi’tions. When a plant thrive*8 well in a soil, 
it indiciites tliat the soil contains all the mineral substances 
the plant is in need for its growth. Th e o rganic materials 
of the soil are derived from the remains of animals and plants 
which are converted into ‘humus’ by Bacteria, moulds 
etc. Soil containing humus is able to .absorb and retain 
water. This proiierty as as the presence of nitrogen 

in it is of great importance for plant growiih. The particles 

of the ‘soil when examined under the microscope are found 

• 

to be separated from one anotlier. The minute gaps left are 
filled up with air. The presence of air in the inter-spaces 
of the soil^ particles is highly beneficiaL to the plants as the- 
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roots can then freely respire. In marshy places, the air is 
replaced by water called free water of the soil. Free 
water in the soil always hampers tlie growth of ordinary 
plants. Again, each i)article of soil may be suiTounded by 
a thin him of water, called hygroscopic water, held 
there by capillary a'ction. This water dissolves tiie 
mineral salts which atv sr)Kible in water. Thus, a soil 

f 

suitable for the healthy growth ()f a plant should have the 
following proi>erties. 


(1) Inter-space filled with air. 

(2) Necessary mineral salts. 

(3) Hygroscopic water. 

(4) Bacteria for nitrification. 

(5) Humus. 


Summary of Chapter I 

Tht; ten esHentiul eiementH entering into the cnmpositiun of plants 
are—carbon, hydrogen, oxygen, nitrogen, sulphur, phosplitorus 
potassiuTii, calcium, magnesium and iron. Their presence in the plant- 
body can be proved by chemical anah'sis or by water-culture method. 
The first six elements form protoplasm ; iron forms chlorophyll while 
^the other six go to form carbohydrates. 

Soil and air ;|re the two natural sources from which .plants derive all 
the required eluents. Air contains oxygen, nitrogen, and carbon 
dioxide mainly. | Ei6iicontains and inorganic matters. 

Gxercisd 1 

I ' ' ' ^ 

i: you investigate the mtture of the , 

elen^tli fo^ plant life by the water culture m6thod.*-*C. U; 

1931, 1922; 
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ABSORPTION OF SALTS * 

I 

Minerals. 

U is a known fact that by long and continued cultivation,, 
tile land becomes jpradiially impoverished and manures, 
have to be used for the restoration of fertility. The gradual 
sterile condition of the %oil is due to the absorption of 
tlie minerals by plants. The elements required by the 
plants are not present as such in any soil, but in the form. 



Fig. 166. 

Root-hairs closely attached to the aoil particles., Only 
two hairs of A are magnified in B. 


of minerals. We have seen before that plants can' not 
absorb salts from the soil uuless they are completdiy 
dissolved in water. It is fm? this reason that water i& 
absolutely necessary for the ligand growth of a plant. 

Root-hairs. 

f ' 

Though roots are this organs of absorption, the parts, 
which are actually active for this function are the root-hairs,' 
each of which is uni-celltilar, thin-wallcdf and full of 
protoplasm ..with a central vacuole. The hairs appear a., 
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little behind the ai)©x. With the growtii of the roots tljey 
soon disapifear, but are constantly replaced by others in the 
same relative position. When tliey pass between the soil 
]>articles they adhere to them so firmly tliat they are 
brought into close contladlfc with the films of the soil-water 
ill wliich the minerals .remain dissolved. 

Process of dissolving the lainerals 

Most of the salts in the soil such as nitrates, sulphates, 
chlorides, carixmates, etc., are soluble in the hygroHUopic 

—«• -I'.,, IS*#*. ■* ’ 

water.(1) Some insoluble salts of lime, magnesia, etc., 
Iiecouie soluble when they are exposed to the action of air 
and water rich in carbonic acid. (2) Carbon dioxide, evolved 
as the result of the respiration forms with water caiiionic 
acid, which helps in rendering insoluble salts soluble. (3) 
When the root-hairs come in direct contact with the soil 
particles, they excrete a kind of acid which helps in dissolving 
•some insoluble minerals. (4) Organic acids and carbon 
dioxide are also produced when the organic portion of 
the soil undergoes changes and carlx)!! of the soil is 
oxidised.* (5) ’Various lowly plants such as Fungi, Bacteria 
are always found to be at work in breaking down dead 
.organic matters and converting them into nitric acid and 
.other comiKmnds of nitrogen when nitrogen becomes 
available for the^ use of higher plants. The process of 
converting the nitrogen of the organic matter into ammonia 
and the succf&ssive changes which the ammonium compounds 
^undergo by t|ie action of Bacteria t(j form at last soliible 
nitrato^ is called, nitrification. 

observation that da\v raisin (kisniis) placed 

■s ^ ' a 

in a vessel 4f water for a few hours w'ill sw^ell considerably* 


is a 
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Again wlien these swollen raisins are tn®|en'ed to a strong 
sugar soliititm they shrink. Tliis s^Wel^^ng and^ shrinking 
are due to osmosis, a physicEil pheiidmenon. 

The main principle of osmos|| ia;— 

When two liquids of differt^'dettfdties are separated hy 
any ix^rnieahle membrane, a ocorent will be set up betw'een 
the liquids as a result of which a large amount of weak 
solution will pass througli the nl^brane and a small amount 
of strong solution will come out. This will continue so 
long as the liquids are not of the same density. The passing 
or diffusion of the weak liquid is called endosmosis while 
that of the strong liquid is c^led^exosmosis. As the weak 
liquid diffuses faster, the endosmotic current is stronger 
than the exosmotic current. Owing to the strong endosmotic 
current, considerable pressure is set up within the 

membrane. This is known as osmotic pressure. 

Expt. 1 . Selecting an elongated stout potato tuber a cavity 
bored length-wise in it in such a way that the cavity reaches nearly 

_ the other end. ^ Care should 

be taken that the tuber is 
/ jpJ i M bored through. Taking 

F . y j liv a thin sliee from the closed 

^ ^ tuber so that 

"* * stand erect in a 

y« shallow dish of water a 

y/ f®"’ ^ inches deep. On 

^ filling up half the cavity 

|L^ with strong sugar solution 

^ it is noticed that after a 

Fig. IGfi. hours the liquid not 

Potato tuber with a cavity in it placed <>uly fills up the cavity 

in a Wiin of water. S. 8.—Sugar but overflows, 
solution. W—Water m the luisin. 
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Expt. 2. Oiii^ end of si wide glass tube is covered with psirehnient 
while the other end is corkcsd. Through n hole in the centre of the 
cork a nartrow tube passes, 
the free end of which is in 
close coniiectiou with a 
manometer tube containing 
mercury. The wide tube 
is now filled with strong 
sugar solution coloured w'ith 
eosin and is placed in a 
basin of water. After 
connecting the narrow tube 
with the manometer and 
pressing the cork with the 
narrow tube into the sngai 
solution the level of m ^rciiry 
in the free limb of the 
manometer is marked. After 
a few hours it is noticed 
that the level of mercury 
gradually rises. This Fig. 1G7. 

proves that the diffusion Apparatus for ifieasuring 

of water Intif the wide tube osmotic pressure. 

is faster than that of the sugar solution into the basin of water which 
thereby becomes slightly red in colour. 

•t 

Rot-hairs absorb by osmosis 

When the .root-hairs a<lhere very firmly to the soil 
particles* each • of "them is surrounded by the hygroscopic 
ymtesr with thi Various S%lts of the soil dissolved in it. This 
.^lotion . out^cle the root-hairs is weaker than the 

present within the vacuole of the hairs, 
aeii salts and sugars usually present in 
ar^belijSved to have a strong attraction.^v^ivater. 
!l?heoelIi4^ together with the living layerproto- 
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I)lasin (i)rimordial utricle) acts as the iiermeable membrane 
separating the two liquids—one strong inside ahd the other 
weak outside. Consequently’^ a large amount of weak salt 
solution passes into the cavity of the hairs. Similarly only 
a minute quantity of the cell-sap passes out. The quantity of 
the acid sap given out by the root-hAirs during exosmosis is 
just suficient to act u)>on certain insoluble salts and to 
render them soluble. Endosmosis being far greater than 
exosmosis, considerable pressure is exerted on the wall of the 
hair, thus bringing about a very tense or turgid condition of 
the cells. 

The primordial utricle plays a very inqwrtant i>art in the 
|)rocess. Controlling the osmotic process it allows water to 
come in hut refuses to let out certain substances of the sap. 
Thus, there is much difference between osmosis taking place 
in living cells and tliat occurring through a dead membrane 
■U'hich is purely a physical process. 


Selective power of plants 


The protoplasmic layer, having a great influence on 

" '* ■ 1~<" 1 r tr-tan-iin Hitnmi It" it . 4 ** •fMiw 

osmosis,can easih' select those salts whicli the plant requires 
and reject others which are injurious to it. All plants 
growing on the same soil do not absorb the same salts and 
in the same projwrtion. Different plants have different needs. 
Cereals such as wheat, maize, etc., take from the soil less 
than half as nnuoh nitrogen, lime and potash crops 
like potato, beet, etc. do. (rraases are ^ more active in the 
fibBOrptipn ol silioon, pcKsoanut of coiniu'ont salt (Nad), puIbcis 
oriii]^||j|^nge of calcium etc. It is for this reason that 
iarnieri^ Usually raise crops with similar needs Alternately 
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with others on the same field instead of in succession. This, 
alternation called rotation of crops. 


Conditions for root-absorption 


(1) All the salts ofl'ered to^the roots and demanded by 
the plant should be thoroughly dissolved in the hygroscopic 
water. 


(2) The soil must contain free oxygen so that tlie roots 
and root-hairs i* 0 spire easily. The resihration is effective 
in giving out carbon dioxide w’hicli heli)s the solution of 
insoluble salts. 

v(3) Suitable teiniierature of the air surrounding the 
plant as well as of the Soil or solution in which the plant 
is growing, is an essential condition, as wdth the rise of 
teini)erature absori)tion increases. But if the temi)erature 
is too high or low abBorx)tion rs haiiii)ered. 

^ (4) The salt solution should be very dilute. Kapid 
absorption ^jccutl if the difference f)f densities of the two 
liquids Ixj very high, but if the salt solution is denser than 
the cell-sap, osmosis will take place in the opposite direction, 
fn that case the root-hairs instead of being turgid wilt. 

(5) The cetl-.sap ehould have such substances in it which 
have strong attraction for the water outside the hairs. 


/ (6) Thq presence'of too large an amount of salts 
impedes absorpion. It is for this reason jbhat though the 


soil of inarsbes,j bggs, etc., apiiears to be extremely fertile^ 
very Uttile or ^ materials it contains is directly available 

' ' ’’ •'i 

as pl&nt-food,' 
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Summary of Chapter 11 


1. Mitici-alK in the boil supply 41 the elements excepting'carbon as 
required l)y the plants. 

‘i. Kuol^hairs are uni-cellular, their protoplasm contains a vacuole 
with cell-sap. ^ 

3. Process for dissolviu^;. the minerals.—Most of them are 
soluble. The insoluble sallj| are* made soluble by the action of 
(jarbonic acid produced in different ways. 

4. Osmosis.—Two solutions of different strength when separated by 
H membrane cause a flow through it so long their strength is not 
equal, Weak solution flows faster. 

5 Ap plif»iit|jon of jaamosis. — Of the two solutions the denser one is 
the cell-sap in root-hairs and the weaker is the solution of salts outside 
the rof)t-hairs of which the protoplasm serves as the intervening 
membrane. 

<3. ^elective power of plants. —According to the needs of plants the 
protoplasm of root-hairs absorbs salts and rejects others thus regulating 
osmosis. 

7. Conditions for root absorpti«ii.—(l) All sjilts must be dissolved, 
(2) Oxygen, (3) temperature, (4) dilute .salt solution, (5) osmotic 
substances in the eell-sap, (C) small amoun^gf salts in the soil. 


Exercise II 

1. Describe the structure of a foot-hair and describe the process 
of obtaining raw food materials from the soil by an ordinary green 
plant* Name the chief food elements of plants. —C. U. 1933,1982,. 
1931, 1927, 1926, 192#, 1918, 1815. 



CHAPTlSR III 


MOVEMENT OF SAP 


\ 


Turgescence 

V 

^ We have seen l)efore that ' due to ondosniosis a large 
quantity of hygroscopic water with dissolved salts enter 
into the root-hairs.'^ This absorption continues according to 
the presence of osmotic substances which have stixmg 
attraction for water. ^ W^hen the cells are thus filled up to 
their utmost capacity, a considerable pressure is set ui> in 
the cells whicli thereby become highly tense or turgid. 
This tense condition of the cells due to osmotic pressure 


regulated by the influence of the living protoplasmic layei* 
is called turgescence^ Tlie stiff ness of the cells may'he 
compared to that of an'inflated cycle-tube lindei* the pressure 


of air pumiMjd into it. | The wall of the turgid cell distended 
to a great extent being elastic exerts a pressure on the 


solution inside.) T]iuB,fthe turgescence is maximum whenti 
the osmotic pressure is balanced by the internal pressure j 
^ exerted by tiie stretched cellulose wall.^ 
? Turgesc^ee is'not solely due to physical causes. The 
pidtoplasm tbeire lias a regulating influence over the jmsstige 
, of Water^in |ind put of the cells.^ The quantity of osmotic 
»res^t in the cells depends on the activities of 
pFdtoplasp^.| substances are lieing continuously 

, «|1 ceils at or peat the growing point of an 

. orga^ ian^ |m most other cells where chemical changes are 
.gomg on. f 
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Hence, these cells with the osmotic substances present, 
constantly absorb water from the neighbouring cells by 
osmosis. Protoplasm is saturated with water and a 
stretching force is exerted on the wall which bounds it. 
Fresh cellulose particles manufactured by protoplasm are 
now laid on the stretched wall and the extension of wall 
is made permanent. . * 



A 


Fig. 168. 

Puin stem. A—A portion of the stem. B—When the portion 
is cut into four longitudinally. C—The cut 

stem is placed in water. * • 

Expt. —A fleshy puin stem of a few inches in ‘length is cut longi¬ 
tudinally into several parts. Before the stem was cut, the inner cells 
were much compressed by the stress and strain of the outer strengthen¬ 
ing tissue surrounding the inner ones. As a result of the cut, the inner 
cells freed from the pressure outside expand and hence the parts become 
widely separated. If the out stem is.now placed in "water, for an hour, 
it is found that the parts become more widely separated and their inner 
surfaces mqre convex tj^an before due to the considerable absorption of 
water by the cells and the consequent stretching of their cell-walls. 
Again, if the cut stem is placed in strong sugar solution, the turgid 
cells collapse. The sugar solution attracts water from the cells when 
their cell-wallB shrink due to the reduction of the internal pressure. 
The parts aie no longer separated but are closely attached to each other. 

19 . 
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Uses o£ turgescence 

(1) ' The turgid condition of cells is necessary for 
growth. 

(2) Turgescence is also necessary for the various kinds 

of movements of the different parts of plants when they 
adapt themselves to the different conditions of their 
environment. * 

(3) Herbaceous and aquatic plants have to depend much 
upon their turgid cells for the rigidity which enables them to 
maintain their position in the medium in which they live. 

(4) Turgescence is one of the causes which drives water 

t 

with the dissolved salts into the upper regions of plants. 

Root pressure. 

^ In the living cortical cells chemical changes are going 
on continually as a result of which osmotic substances, are 
formed in them^ They are in constant need of water and 
so like root-hairs they have the capacity of imbibing water 
by osm®sis. '('The turgid root-hairs being closely attached 
to the cortical cells, cell-to-cell osmosis takes place between ^ 
them. The flaccid root-hairs again become turgid by the 
absorption of fresh w'ater from outside. , In the same 
way, each corneal cell repeats^ the piocess, alternately 
becoming furgid and collapsing, s6 that the water moves at 
last to th^ last layer of cortex lymg around the xylem 
vessels. Tbeke cells of cortex* become so turgid that it is 
im^gsibltf^'the oell-ivalls to resist the pressure exerted 
lap.' ^e hydrostatic pressure, thus set up, 
the pap into the xylem vessels in which it ascends 
in the fbrip of a column,^ This pressure noticed ip the 
root whifh lorces water upwards in the fom of a 
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•column is called tlie root pressure. The passing of sap 
into the vessels from the cortical cells is not due to^ osmosis 
as the vessels are all dead an^ the conditions of osmosis do 
not exist. The passage of sap into the vessejs is due to 
filtration. 

Boot pressure is not uniform throughout the day, nor 
is it uniform in all seasons of the year. In spring time, 
when active growth is going on in the plants, enough water 
comes out when the stem of a plant is cut a little above 
the soil. This is known as the bleeding of plants. 

t 

Experiment for measuring root pressure. 


Gutting the etem of a pot plant say dopati, a little above the 
ground early in the morning and 
connecting it vrith the short arm 
of a U-tube by means* of rubber 
tube the level of memory is marked 
after filling the tube first with 
water and then with mercury. As i 
there is continual absorption pf 
water from the soil and conse¬ 
quently there ., the upward' 
pressure .of , water, the mercury, 
column^ in, the long arm of the**" 

JQ-tohe risea.’ Thus' the root 
pressure can be measured. 




^ Water is imbibed from the ^ 
soil as a carrier of thh mineral 
salts demanded by the plantA * 

^ The salts are dissolved in 



Fig 169, : 

Apparatus measuring 
root ipressuire. 


thousands of times their weight of water. We. hav^e seep 
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that ^hen the solution enters the wood-vessels of the root^ 

it is forced upwards by the root i>ressure. It then ascenda 

into the trunk and branches of the plant through the vessels 

till it reaches the veins of the leaves. From there it iiiakea 

its way to the mesophyll cells which become tm’gid. 

1 

Though some water in these cells is used for the building 
up of ))rotoplasDi and other fo^ds of plants, the greater 

part of the water is not 
required further, so it 
escapes from the turgid 
cells by evaporation 
and diffuses through 
the stomatal openings 
to the external air. 
^he diffusion of 
surplus water in the 
form of water vapour 
through the stomatal 
openings into the 
external * air is 
known as transpi- 
rationj^ Land plants 
usually possess more 
stomata on the lower 
bell'lfr experiment. surfaces of their leaves^ 

Consequents^ more water is evaporated from the lower 

surface thA from the upper surface of the leaves. 

By Pt. 1.1 When a small plant say freii, growing in the sun,, ia^ 
cov^si^ a All jar, we find that minute drops of water are deposited 
on tlw iiinOTXide of the jar. These drops are formed by the conden¬ 
sation of wa|er vapour given ofi by th# plant as the result bt 
transpiration.. 
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We can estimate the amount of water given off by the 
plant during twenty-four hours by the following method :— 

The soil on which the small p%.nt is growing is covered completely 
hy a large piece of tinfoil so as to prevent evaporation from 
the soil. Filling a small cup with drv calcium chloride and weighing 
it in the balance carefully, it is placed ton the tin-foil. Calcium 
chloride has the property of absorbing water readily. The plant with 
the cup on the tin-foil is placed under a bell Jar for twenty-four hours, 
the edge of the bell-jar being sealed with vaseline. The cup, reweighed 
after the experiment, is found to have gained much weight duo to the 
absorption of water given off by the covered plant. It is estimated 
that ordinarj’' leaves of dopati usually give off one gramme of water 
per day. 

Expt. 2. A few sheets of cobalt paper arc prepared by soaking filter 
papers in cobalt chloride solution and warming them dry. The cobalt 
paper, when dry, is blue in colour but when exposed to moist air or 
w'hen breathed upon turns rod. Two such dry pieces of paper are placed 
on the two surfaces of a leaf. Thev are then covered with sheets of 

* n 

thick glass so that no air can come in contact with the papers. After 
a few hours it will be found that the paper placed on the lower surface 
has turned redder than the other, thus proving that the lower surface 
gives off more water vapour. • * 

Transpiration and evaporation compared 

^ There is much difference between transpiration , and 
ordinary evaporation. Transpiration is not a process of 
simple evaporation. Evaporation may take place in the 
presence or absence of light but transpiration is generally im¬ 
possible *if there is no light. Evaporation is the conversion 
of liquid water into vapour. It is a purely physical process. 
Transpiration is the passage of this vapour through the 
stomataL openings intd the external air by diffusion. , 
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So the amount of water given off by transpiration ia 
never equal‘to that given off by evaporation from the same 
area of tHe leaf surface. This ^'.an be experimentally proved 
by taking two freshly cut shoots of the same plant, one of 
which is placed on the table, while the cut-end of the other 
is connected with water in a vessel. Within a few hours it 
is seen that the shoot on the table wilts as there is evapora¬ 
tion without absorption ; but the other being supplied with 
water makes its cells turgid, the loss of water being made 
good by the fresh supply of water from the vessel. So long 
the protoplasm is active and is in connection with water 
from outside the second shoot remains fresh and turgid. 

Transpiration current 

When the leaves transpire, the escape of water from the 
mesophyll cells increases the density of their cell-sap and 
and thus renders the cells flaccid. They are now capable of 
sucking up fresh water from the veins of leaves wliich are 
continuous with the vessels of stems and roots. The vessels, 
in their ti&n, receive water from the turgid cortical cells. 
The cortical cells become filled with water which travels 
from the root-hairs due to the continuous endosmotic action. 
^So the water, lost from the leaves is always replenished by 
the ceaseless Absorption of water from the soil by the root- 
hairs. Thus, A continuous flow of water is brought into play 
from the roeis in the soil to the green leaves in the air. 
IsTiie. eafsapefif from the leaves by transpiration 
latid:it8'^s^t|E»iJhy the root-hairs always maintain an 
^ fin the vessels. This is known as 

jthe. ’transpilation current^ The currmit may be inter¬ 
rupted when f he surrounding air is very hot and consequently 
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the transpiration is vigorous. But the loss of water from 
the leaf surface being greater than the suction of water 
from the soil, the leaves beccwjne limp and droop. • 

When the water ascends, it flows mainly through the 
cavities of xylem vessels and tracheides which are occupied 
l>artly by water and partly by bubbles .of air at a very low 
pressure. A small portion of wafer passes through the walls 
of the woody elements of plants. As the current ascends only 
by the xylem of plants, transpiration is not afl'ected and the 
leaves above remain vigorous if a ring of cortex down to the 
cambium of a branch be incised and removed. But if the 
incision be deep enough to reach the xylem vessels the 

4 

leaves will wither and drooi). In the trunk of trees the 
water flows through the- sap-wood which when wounded 
affects transpiration to a great extent. In many places old 
trees are noticed which have lost their heart-wood. The 
well-known sid/Uui-bahul of Puri is an instance of such tree. 

V • 

Causes of the ascent of water 

It is a matter of interest to know how the»wateJ ascends 
to the uppermost regions of trees 400 feet or more high in 
direct opposition to the action of gravity. Though various 
theories are put forward to explain what causes this ascent, 
they do not seem to be quite satisfactory. Undoubtedly 

osmosis and transpiration play an important part in the 

>•>.< 

ascent. The continuous loss of water by the transpiring 
leaves causes a pul^ on the water in the wjjqdy.. .©laments. 
The low pressure m the vessels is also taken as one of the 
causes. Some attribute it to physical phenomena such, as, 
atmospheric pressure and capillary action of the narrow 
tubes of the'vessels, although th©y are quite insufficient, to 
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explain it. Many ascribe the ascent to the vital activity of 
protoplasm, but this theory also can not stand as it is found 
tliat a jioisonous solution wjrieh would kill the protoidasin 
can ascend in the vessels when offered to the roots. 

To measure the rate of the transpiration 
current hy potometer. 

c 

Expt. A branched glasK tubing about half an inch in diameter is 
clamped vertically and iw connected horizontally with a long graduated 

capillary tube bent at 
right angles at the free 
end. Both the tubes are. 
filled with water and the 
beiit end of the capillary 
tube is dipped into a 
small basin of coloured 
water. Each of the 
divisions of the graduated 
tube corresponds to a 
cubic ■ centimetre of 
water. A freshly cut 
vigorous leafy shoot is 
now introduced into the 
branch of the glass tub¬ 
ing through a perforated 
rubber cork which 
covers the mouth of the 
tube. Care niust be taken to cut the shoot below water and attach it to 
the glass tube'in such a way that no air bubble can enter the vessels 
of the shoot. | By lifting the capillary tube-end out of the water of the 
vessel and by ^placing it quickly a bubble of air is allowed to enter the 
tube. W^en^heieavc^ of the shoot transpire, the water travels in the 
hqr|^!oatl^ Cl^rmometer, the rate of which can easily be determined by 
the 'Blow mpv^ent of the bubble. The difierent results obtained can 
be compared tjkien the experiment is perfonned U) in direct sunlight, 



Pig. 171. 
Potometer. 
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(2) on any dull day, (3) with all tho lower surfacoB of the loaves of the 
Khoot smeared with vaseline. 

N. B. Tho above experiment ifalso a measurement oP absorption 
of water. 


To prove that the amount of ^ater transpired is 
nearly equal to the amount of water absorbed 

by the'root 


A vigorously growing small plant is introduced with its roots 
through a perforated air-tight india-rubber cork in a stout long bottle 


filled with water and having a graduated 
narrow branch-tube as shown in tho figure. 
Tho branch is divided into centimetres. 
Before the experimept tho whole apparatus is 
weighed in the balance. It is re-woighod after 
transpiration has taken place for a f?w hours 
and consequently the level of water in the 
branch-tube sinks. The difference in weights 
roprofMjnting the loss of water duo to transpi¬ 
ration is found to correspond with the amount 
of water absorbed by the roots which can be 
determined bv the difference in the levels of 
water in the graduated branch-tube. 

Organs of transpiration. 

Leaf is the chief organ of transpira¬ 
tion where the emission of water 
vapour goes on entirely through the 
stomata. For this reason, this 
emission is called stomatal or inter¬ 
nal transpiration for, the escape 



Fig. 172. 

To prove that the 
water transpir¬ 
ed is equal to 
water absor¬ 
bed by 
roots. 


of water vapour takes place over all the internal Surfaces 
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abutting on the intercellular'spaces into which the vapour 
has been given out by the mesophyll cells, specially those of 
the spongy parenchyma, ^^^nspiration also takes place, 
though to a limited extent, through all the epidermal cells 
of the transpiring organa. This is called cuticular or 
external transpiration. This diminishes with the increase 
of thickness of the cuticular Ij^yers of the epidermis till it 
becomes nil. ^ Thus, in plants havifig a thick cuticle, cork or 
wax on the outer surface, the loss of water by transpiration 
is not rapid.. This is well-observed in chalkumra fruits 
which do not suffer from great loss of water as they have 
the cuticle covered by wax or bloom (see page 227) 


Mechanism of stomata for regulating transpiration. 


We know that the guard cells which surround the 
stomata! oi^ning differ from the rest of the epidermal 

cells by [iossessing chloroplasts. The guard cells, thus, 

« > 

can assimilate for themselves and form new organic 
substances which pass into their cell-sap to increase the 
density. Chis takes place when the stomata are exposed to 
light and hence the chlbroplasts become active.* The guard 
cells with the concentrated cell-sap in them now^ absorb 
water by osmosis .from the neighbouring cells and become 

j, i 

tuigid. As the i^ide of any guard cell bqunding the pore is 
more rigid than the other, it offers more resistance to 

Tij ? ■ 

stretching ''endosmosis takes place. Now, the more 

turgid the gumrd cells become, the more their outer wells 
stretch thai^ f heir . inner walls so they become convex on 
the andtsonoave on their inn^ side towards the 

pdl^I; ; l^nf as, sunlight is present and the guaxd cells 
ate tmgid thefstomata open. H^ence, transpiration is possibly. 
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wh^.,the stomata often in light. At night, when assimila- 
tion 8tops> water is wthdrawn from the cells'where the 
osmotic substances are not for- ?ed. Consequently, tJhe outer 
walls shorten more than the inner and hence the guard 
cells collapse, tend to become straight and close the pore 
between them. Stomata, by oi)ening and closing, can thus, 
regulate the transpiration of the plant. 

Conditions affecting transpiration. 

I 

(1) , Humidity of air.—The drier the air, the more- 
vigorous is the transpiration. On the other hand, when the 
air is moist, the transpiration is checked. The withering 
of plants or the drooping of leaves. on a very hot day is a 
common observation. If a plant with leaves, droftping |rom 
too great a loss of water, be transferred to an atmosphere 
saturated with moisture, the plant soon becomes fresh and 
turgid. 

(2) Temperature. —^The capacity of air for holding, 
moisture increases wuth the rise of temperature. Aj a parti¬ 
cular temperature the air goes on absorbing moisture till it 
becomes saturated. So, the farther the air is from the- 
saturation point, the more vigorous is the transpiration. 

Temperature of the soil in which the roots of the plant 
are embedded has an influence on the transpiration as it is 
noticed that warmth of the soil increases the amount of 
water vapour given off by the leaves. 

(3) Light. —Apart from the warmth accompanying, 
light, the strongs the light, the greater the trarrspiration. 
We have noticed before the effect of light on the opening 
and closing of the stomata which have much influence on 
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the transpiration. That light increases transpiration can 
be proved -by transferring a plant from darkness to sunshine. 

(4) ‘Windy day. —Tran/^iration is markedly increased 
in a windy day, as continued renewal of the air surrounding 
the plant has mucii effect on the rate of evaporation. 

(5) Mechanicar disturbances of weather. —It is 

observed that violent shacking, of the plant due to the 
mechanical disturbances caused by w^eather namely a storm, 
stimulates protoplasm to such an extent, that it allows 
transpiration to increase resulting in the drooping of leaves. 

(6) Number of leaves and stomata. —As leaves are 

the transpiring organs, and as transpiration occurs througli 
the stomata, the more the leaves and their stomata are in 
number, the more active is the transpiration. With the 
increase of the surface of the transpiring organs, transpira¬ 
tion increases. ^ 

Importance of transpiration. 

(1) ^ lar^e quantity of water is taken from the soil in 
order to absorb the salts. The greater portion of this water 

♦ . j 

when transiiorted to leaves as a carrier of salts, is useless. 
Transpiration is the means by which plants remove this 
surplus water. 

t ^ 

(2) As; some, portion of the vrater carried in the 
leaves is utilised' for the construction of nutritive substances 
of plants, transpiration helps this construction. 

(3) As I transpiration causes a pull on the water and 
sets up.fucking^ action in the roots, there is a constant 
supply of, water and raw food materials in the leaves and 
other parts of the plants. 
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(4) Transpiration keeps the plants cool, for the greater 
part of lihe energy of sun’s heat falling on the plants is. 
dissipated in converting the liquid water into vapour. Only 
a small part is left behind to raise the temperature of the 
plant-body. 

(5) Transpiration maintains the turgidity of the tissues, 
which is of great value to<%he growing cells. 


Contrivances for checking excessive transpiration. 

(1) Plants reduce their leaf surface. Sometimes, the 
whole leaf is reduced to a mere spine, as in phanimansha, or 
scale as in jJtau. 

(2) The number and size of stomata are much reduced. 
They may be deeply sunken as in pine, or they are covered 
Viy waxy substances as in akanda. 

(3) During the dry season some plants drop their 
leaves entirely to prevent loss of moisture l^y evaporation, 
as amra, simul, etc. 

(4) lioaves may have coverings of cuticle, resin or hairs 
as found in chita, bans, ak, etc. 

(5) Leaves are rolled up as found in fem. 

(6) To avoid full rays of intense light leaves place, 
themselves vertically. 

(7) The fleshy leaves of patharkuchi^ ghvitakumari, eto.» 
$ 

store up every drop of water they can get when rain falls, 
and live sparingly on it during the long periods of drought. 

* (8) Palisade parenchyma is very fully differentiated.. 
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Transpiration and exudation compared. 

(l) . Exudation is the process of giving out water in 
liquid form and not in th/^form of va^wur through water- 
stomata, hairs, terminations of vessels, epidermis, etc. 
This takes place when roots absorb more water than is 
given out by leaves and when the conditions for transpira¬ 
tion become unfavourable. t2) transpiration removes pure 
water but the water given off' by exudation is never pure. 
The water contains salts which are 
deposited on the organs when water is 
evaporated. (3) Transpiration usually takes 
place so long as light is present and the 
stomata are open but exudation may take 
place both in light as well as in darkness. 

The drops of water, looking like dew-drops 
in the early morning on the leaf-apices of 
gha&, kachu, etc., are exuded by the plants. 

The emission of sugary liquid from the 
incised stems of khejoor, tal, etc., is another 
example of exudation. 

Water stomata are openings for the 
excretion ^f water in the form of drops. 

Q%ougb'hvi|g6 in form,they look like ordinary 
stomata hilt rmlike them their guard cells, 
from whici|,i»FQtoplaBm vanishes after growth jhave no power 
of cloaiiig ^ p^* Thus they remain always open. They 
dev^op at the ends of veins where they may be 

l^dat'hodes as found in the leaves of dhola^ 
dwha, eto. 

' Sxpt^' By fixing a growing leafy shoot in one arm of a U-tuhe 
a little quantity of water and then mercury are poured into the 
oUner arm. teaves are then found to exude water in the form of drops. 



Fig. 173. 

Exudation 

experiment. 
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Summary of Chapter III 

1. Turgeucence 18 the tense \ndition of cells due to osmosiK 
regulated by the protoplasm. It is useful for growth and movements. 
It drives water upwards. 

2. Root-pressure is the pressure in tbe^root due to which water is 
forced upwards in the form of a column of water. 

3. Transpiration is the piwcess of removal of surplus water from 
the leaves ii* the form of vapour during day time. Evaporation is the 
giving off of vapour. Transpiration is evaporation when the removal 
is controlled by protoplasm. 

4. Transpiration current—The escape of water from the leaves by 
transpiration and the suction of the same by the root-hairs maintain 
an ascending current in the vessels called transpiration current. There 
arc many causes of the ascent of water. The organs of transpiration 
are mainly the leaves from which the vapour passes through stomata 
or cuticle. 

5. Mechanism of stomata for regulating transpiration.—The green 

guard cells produce organic substances in light, and thus increase the 
density of their cell-sap. They then absorb water by osmosis from the 
neighbouring cells and become turgid. As their outer wall is thinner 
than the inner one, the turgescenoe causes the formation of a pore 
between the two guard cells of a stoma. ^ 

6. Conditions favouring transpiration(1) Temperature 
(2) Light, (3) Humidity of air, (4) Renewal of air, (5) Disturbances 
of weather, (6) Large number of stomata, 

7. Importance of transpiration.—(1) It removes surplus water, 
(2) It helps the construction of food, (3) It drives water upwards 
with which food is drawn, (4) It keeps plants cool, (5) It miuntains 
turgesoence. 

8. Trau4>irationi and Exudation.-Transpiration removes water 
in the form of vapour but exudation removes it in the form of diops. 
When the conditions for transpiration become unfavourable xudatipn 
takes place. 
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Exercise III 

1. What" is meant by turgesc^nce ? How is it maintained and 
what is its use to the plant ? What factors modify it ?—C. U. 1923^ 
1921, 1910. 

2. What is root pressure ? How do you determine and measure 
it ?-C. U. 1917, 1913. 

3. Describe some experiment to proyii that the life of a plant can¬ 
not be maintained unless water is supplied to the roots.— G. U. 1932. 

4. What is transpiration ? Explain fully how a plant gets rid of 
its surplus water. What structures of the plant are concerned in the 
process? Mention the necessary conditions of transpiration. —C. U. 
1931, 1929, 1927, 1919, 1915, 1912. 

5. What are stomata ? Describe their structure and functions. 
How do they behave when the atmosphere is dry ?—C. U. 192G, 
1921, 191G. 

6. Why are some plants able to keep their leaves during the winter 
whilst others always lose them ?—C. U. 1916. 

(Hint : —In winter, absorption can not cope with transpiration. 
Plants able to reduce their transpiring surface can keep their leaves. 
For the contrivances of checking excessive transpiration, consult 
page 301.) 

7. Tw^ freshly cut shoots A and B are taken ; the cut end of A 
is placed in water and the shoot B is allowed to lie on the table. After 
a couple of hours A is found to be as fresh and rigid as before while B 
has become limp. Explain the cause of difference. 

(Hint : —The water lost by transpiration in A is compensated by 
the continuous absoi^ion of water, hence A remains fresh. B becomes 
limp as there % no compensation of the loss.) 



CHAPTER IV 

ASSIMILATION 


Carbon assimilation or photo-synthesis. 


We know that the salts absorbed by the roots contain 
all the essential elements excepting carbon and that the 
salts are all in-organic compounds. We will how consider 
the question how a green plant absorbs carbon from air 
and how the inorganic compounds are converteA into organic 
compounds out of which cell-walls, protoplasm, etc. are 
formed. Oarbon, the most important of all the elements of 
nutrition, is absorbed from air by the green leaves in the 
form of oarbon dioxide gas. C yhon.iMUtimilytlpii consists 
i n the riwcyp tiCTi. . wf alMirban 

dioxide tekoi the^ 

the'"solT'tb px^dee it 

hydrate out o£ the elements o£ decomi»0siticm. This 

w* 1 1 mr.V ' ....... 

laroeess takes plaoe in all green idants under the indneiioe 
of sun^ht s>nd hence this is known as photo-synthesis, 
(photosr-^light, synthesis—putting together); , ^ ' , > 

ao ,• ' 
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The process. 

All green parts of plants absorb carbon dioxide^ gas from 
the surrounding air in presence of sunlight and suitable 
temi^erature. The gas passes into tlie intercellular si)aces 
by means of stoinatal i)ores in the case of the green leaves. 
From these spaces it diffusas into the spongy parenchy- 
matous cells of the inesophyll and is dissolved in the cell- 
sap. The inesophyll cells are all provided with chloroplasts 
which serve to catch certain rays of sunlight, specially 
those of the red and blue colouy. By the energy absorbed the 
plastids are enabled to do the work of decomposing both 
carbon dioxide and water of the cells. The carbon dioxide 
( CO 2 ) is decomi>oaed into carbon monoxide ( CO ) and 
oxygen. A portion of water (H 2 O) present in the inesophyll 
cells is also decomix>sed into the nascent hydrogen (H 2 ) 
and oxygen. The nascent hydrogen, thus set free, 
unites at once with the carbon monoxide to form a simple 
carbohydrate compound known as formic aldehyde 
(CH 2 O). As tt result of condensation, a soluble carbohydrate 
of the nature of sugar (CeHioOe) is produced at last. 
This can* be represented in the following equations ;— 


: CO 2 + H 2 O - (CO 4- O) + (Ha + O) 

= CH20 + 02 
ICHsO^CfiHiaOe 
1(F|rmaldehyde) (sugar) 

though ^we ^assume these changes to take place in the 
a"'p^s of plants, it is quite certain that nothing ao 


j6imple<>u|tuaUy occurs there.^^ However, we are sure so far 
that afte|r the absorption of carbon dioxide, sugar or in some 
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^ I 

•cases starch is the direct product of assimilation and that 
oxygen comes out freely from the plants as the result of 
the process. \ 

The process of carbon assimilation is the most imiortant 
of all physiological phenomena, as on this the lives of all 
plants and animals in the world depend. Herbivorous 
animals eat plants and tli^ forifter are eaten by carnivorous 
animals and by men. To go further, we are all living 
directly or indirectly as parasites on plants. 


To prove that oxygen i^given off during carbon assi 
milation. 


. Expt. 1. Some water plants c.g., patashaola ot jhanji are put in a 
sunny place in a large glass vessel of ordinary water which always con¬ 
tains some carbon dioxide in solution. 


A funnel, with a short stem is allowed 
to cover the plant in such a way that 
the funnel is wholly under water. 
A test-tube is then filled with water 
and inverted over the stem of the 
iunnel. When the plants are thus 
exposed to sunlight, bubbles of gas 
are given of! from them in a constant 
sstream. The gas is colH^ted in the 
test-tube displacing the water. Now, 
after taking away the test-tube from 
the stem carefully, if a glowing match 
is plunged into it, the match will at 
once rekindle proving the presence 
of oxygen gas in the test-tube. 

If the vessel be covered with a 
black cloth so as to exclude light it 
is observed that after a time the 
hubbies do not come out. 



Fig. 174 ! 


To prove the evolution of 
oxygen in photo¬ 
synthesis. 
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To ppoye that starch can not be formed without GOj 

£xpt. 2- A seedl in g growing m qairmal culture solutipn is„.k^t 

in darkness for 





• Rtl. 


Fig. 175. 


To prove that starch is not 
formed without GOs 
Pst—Potash sticks. 


two days so as 
to make it starch-free. The 
whole is introduced into a wide 
mouthed jar containing a little 
caustic potash solution. The jar 
is tiien corked tightly and the 
edges are scaled with vaseline* 
Through a hole in the cork the 
stem of a funnel passes. The 
:j^^^el is filled with caustic potash 
sticks. Air enters the jar through- 
the hole but all the CO 2 the air 
contains is absorbed both by the 
sticks and the potash solution. 


When the seedling is thus exposed to light for a day, no starch is 
found within i the leaves. But, if a similar apparatus be arranged 
without using the potash solution and the sticks, starch is found to 
be formed within the leaves. 

" T& ^roYc that gv^n parts produce starch in light. 

• * h 

Ejppt. 3 : After keeping a plant in the dark for a day a leaf is 
taken hefore sunrise and made colourless by ^eans of warm alcohol. 
Thus bleached, the leaf is treated with iofl^e solution but it does not. 
turn blpe el^wing thereby that the leaf is free from starch. After 
covering .aho|^r leaf on the plant with a piece of tinfcnl in which a- 
letter^has beei| cuiout as iii the figure, the plant is plaoed in the sun. 

itbe. covered leaf is plucked, boiled in water and then 


placed in 
with i^ipe 
those 'partt 



i3 it becomes colourless. The leaf is then treated 
Antion ^hen it is found that it is turned blnich only in 
hich received li^d^t through the out-area oi the 1^-foil, 

Qoverik poitious remaining unchanged^ ' It i's cdear, 

\ ' ' 

starch has been formed in those parts only which were 
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To ppove that chlorophyll is required for stareh formation 

Expt. 4. The above expt. 3. is repeated with a leaf of pcUe^har 
(Panax) in which the leaf ia green and partly white. After the 

treatment with iodine solution it is found that only those parts which 
were green become blue, the white parts remaining unaffected. This 
proves that the presence of chlorophyll is necessary for starch formation, 



Pig. 176. 

To prove that green parts produce starch'in light. 

Conditions necessary for carbon assimilation. 

From the above experiments we are hi a position to 
conclude that the following are necessary for the formation 
of starch :— ,/ 

(1) Carbon dioxide, ^2) Light^ ^3) Chlorophyli. (4)^, 
water, t5) presence of stomata,K6) slight degree of heat. 

Though, we are in the dark about the use of 
potassium salts, we are sure that their absence greatly 
affects the proqw. 

To prove by Moil’s expertinient that carbon assimUatlon 
can not take place (1) without COs and (2) without light. 

■» 

A leaf attached to a plant which has previously been kept in dbtrk' 
ness ipt two days is iiitrodhoed through a apllt cork into a.bottle 
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containing a littJe potaHh Holutioii. When the edges of the cork are 
smeared with Vax, the bottle is kept in it* position for a day. When 


thus suthci^ntly exposed to light.^^jhe leaf is removed, dfccolourised’ 
and then tested with iodine solution. It is found that the leaf does not 


turn blue showing there is no starch. 

Another ex^x^nment, with a different leaf on the same plant, is 
arranged in the same way after keeping the plant in darkness for two- 
days. when the previous expe<'imenbtis over. The bottle now contains 



Fig. 177. 

* Moll’s experiment. 

a little water >instead of potash solution and it is covered with black 
cloth. After. sufficient, exposure to light, when the loaf is tested as 
abovo, it is als^ found to contain no starch as the leaf did not get light. 

A third leu4oo f^he same plant, which has been ke^ in the dark for 
two days ajtter ihe'' prey|pus ex^riment, is put in the same way in the 
bottle c'cmtaihlng a little water but the bottle in this case is not', 

' V V 

coveted. Whdti the leaf is sufficiently exposed to light, it is tested by 
iodine solutioni'-to show that it now contains starch. 



ASSIMILATION 


311 


To prove that starch formed in the daytime is removed 
from the leaves at nigrht. 

Keeping a plant in Hunlight a day, half of one leaf is cut off 
in the evening, leaving the remaining half attached to the plant. The 
half cut off is treated in the^same wav as in the exp. 3, page 308. The 
iodine test proves the presence of starch in ih^s portion. Next morning 
the other half of the leaf is plucked and when treated in the same way 
as the first half, is found to contain no starch which proves the removal 
of starch from the leaf during the night. 

Chlorophyll 

We know that only the green parts of plants assimilate 
carbon. Total parasites, Fungi, etc., are devoid of chloro- 
^lasts and hence they can not assimilate carlxjn. The green 
pigment, chlorophyll, is develoi)ed within the protoplasmic 
])lastid. Botli the pigment and the plastid are useful for 
the purpose of assimilation as one becomes useless without 
tlie other. For the development of .chloropliyll the condi¬ 
tions necessary are :— 

(1) Light, (2) slight degree of heat, ^ (3) air 

and (4) presence of iron compounds in the cells. 

Chlorophyll is a complex substance consisting of carbon, 
hydrogen, oxygen and nitrogen but not iron though it is 
required during the developrnent. Chlorophyll is insoluble 
in water, acids and alkalies but soluble in alcohol, ether and 
chloroform. The chlorophyll solution is green by trans¬ 
mitted light but blood-red by reflected light. Tliis property 
of chlorophyll is known as fluorescence. If a beam of light 
I)asses through the solution and then through a prism, the 
spectrum formed is found to be interrupted by seven dark 
spaces or bands in the , different colours of the spectrum, ^ 
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representing the absorption by chlorophyll of those parti¬ 
cular raysbf light which are missing in the sj)ectruni. We 
thus know that chloraphyll^as the power of absorbing 
a large amount of red rays, some blue and violet 
rays and a few of the green and yellow rays. Ohloto- 
phyll is readily decomposed by bright light in the presence 
of oxygen. The products of decomposition are xanthophyll 
(yellow) and carotin (orange red). 

If a i)otato plant be grown in darkness, it becomes pale 
yellow in colour due to the development of a yellow pigment 
called etiolin in the plastids of the cells in the ]>lace of 
chlorophyll into which the etiolin may become converted 
when exposed to light. But if the temperature is very lo\y 
the etiolin remains unchanged even though light is admitted. 
Thus, pale sickly plants are called etiolated, when they 
suffer from the want of light. Etiolated plants are charac¬ 
terised by their slendei^ and much elongated stems with 
small, pale yellow leai’es in which spongy and palisade cells 
are not differentiated. They have their vascular bundles 
and sclefenchymatous tissues much reduced, t 

Again, plants suffering from the absence of iron in their 
food become pale green or chlorotic in condition. But 
chlorotic plants can he given the normal green appeamnce 

i. 

by the supply of iron. 

Light. J / 

'f 

Tbe which enables a green plant to decompose 

eueh ^stdbs ' compoun as carbon dioxide and water 
is; die rays of the sun absorbed by the 

dhi6!h^!^t|. Tp reduce carbon dioxide to carbon monoxide 
. by heat, a femperature of not less than 1300® G is required 
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but this reduction is done in the green plants.at ordinary 
temperature of the air. Light, thus, is the chief »souroe of 
energy which after absorption\nd storage in potential fonn 
is utilised for the decomposition. Sunlight consists of seven 
different rays of different colours, viz.^ violet* indigOt blue, 
green, yellow, orange and red. These; are well-seen 
when a beam of sunligilt passes through a prism and the 
spectrum is received on a white screen. 

Of these rays, the red is the most active in promoting 
carbon assimilation. The next active rays are orange 
and yellow. Thus, when a green plant is covered by a 
double-walled bell-jar containing any red solution between 
Hhe walls and is exposed to light for a few days, the 
leaves are found to contain abundant starch by iodine 
test. But, if the same plant be now covered by the bell- 
jar containing any blue solution between the walls, starcli 
can not be found by iodine test. 

Nitrogen assimilation 

With the assimilation of carbon, plants produce in their 
green parts carbohydrates, from which cellulose, starch, etc. 
are formed. It is very difficult to follow the process leading 
to the assimilation of nitrogen and the elaboration of the 
. nitrogenous substances. Nitrogen, one of the most important 
food elements, is the chief constituent of protcids from 
which protoplasm, the most important part of plant sub- 

I 

stance, is form^ Most.green plants obtain nitrogen from 
the nitrates in the soil. They are soluble in watear and 
hence they Can easily be-taken in by the root-hairs. 
Ammonium compounds, when offered: to the rool^ are 
converted into nitrites and then into nitrates. When 
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the solution containing salts of nitrogen are transferred 
to the leaves, assimilation ^curs there in the (presence 
of chloroplasts and light, as a^ result of which nitrogenous 
substances of the nature of amides and oxalate of potash 
are formed. The potash oxalate, reacting with the calcium 
salts, forms calcium oxalate found abundantly in many plant- 
tissues. The amides combine with<sulphur and give rise to 
proteids as a result of further elalwration. 


Special methods of Nitrogen assimilation 
(a) In leguminous plants. 

When the roots of plants of pea family are examined, 
they are found to be covered with many small tubercles each 
of which is filled with many oval, unicellular bodies called 
bacteroids. These minute organisms or bacteria ])roduce 
the tubercles by their active growth in the cortex of the 
roots. They take free nitrogen fn)m the air contained 
within thi* soil Imd build up this nitrogen into compounds. 
The nitrogen-compounds are supjjlied to the leguminous 
plants which in their turn give carbonaceous compounds to 
the bacteria. Thus, the tw^o plants grow in such a way that 
by their assoqiatien both of them derive benefit. This sort 
of association of two organisms in a common life is called 
symbiosis. ; Another bacterium (Pseudomonas) grows 
symbioticall|^ on the roots of Cycas (Gymnosperm). 

In this opnp^ion it may be mentioned here that certain 
plants grow on the roots of higher plants in 
su€^ a wsy lhat both of them are mutually benefitted by * 
such union. | This kind of symbiosis is called mycorhiss« 
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(b) In epiphytes, parasites and sapropKsrtes 

I 

They, differ from the green plants in their .mode of 
nutrition. They have been fu&b^ dealt with in chapter 
Morphology. 

(c) In insectivorous or carnivorous plants 

(1) Bladder-wort or Utricularia (Jhanji ).—This is 

a submerged water- 
jilant growing in quiet 
waters. It has no roots> 
The leaves and branches- 
are dissected into many- 
fine parts on which 
many green bladders- 
appear which are the* 
traps of the plant. 
The mouth of each 
trap is surrounded by a 
few hairs.' It is closed* 
by a valve or trajj-door 

iH ^ 

which opens inwards by- 
a push from outside so 
that small insects can 
not get out of it once 
they have entered the 
bladder. Thus impri¬ 
soned, the small animals die there and when their soft parts^ 
decay, they are absorbed by the plant. (See fig ,7). 

(2) Drosera or Sundew.* —The leaves of this herb 
bear stalked tentacles at the end of each of which there is a. 
sticky fluid which looks like a sparkling dew-drop when sun¬ 
light falls on it. It is for this reason that the name sun-dew ’ 



Pig. 178. 

A—Tubercles on kalkasinda root. 
B —Fungal growth on roots 
showing, mycorhiza. 
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has been given to the plant. The shining drops allure small 
insects to alight on the plant. Soon their legs and wings 
stick to the gummy fluid whiq^i holds them tight, however 
much they struggle to get out of the trap. On the other 
hand, their desperate struggle has the only result that 
other tentacles move towards the animals and cover tliem 



Pig. 179. 

Suudew-.plaiit (a Madras specimen). A - plant. B-*Tentacies. 

. A 

Up. Thus ; held fast, the animals die there and are 
slowly digest^ hy a kix^of fluid secreted for that pur{) 08 e. 
Wh^ the figei^ien is complete, the tentacles again become 
^ entrap new insects. 

‘ ^ of sundew plants found in Burdwan, 

ha^ spathulate leaves. 

- * or pitcher plants. —^This plant has the 

leaves formed like pitchers with a ' small red'coloured lid 
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attached to one eide of the mouth of each pitcher, half 
tilled with digested fluid which smells like honey. The 
mouth is alipi)ery and just ^neath this there are many 
down-ward-pointing hairs. An insect attracted by the lid 
takes its sit on the mouth, descends to get the honey below, 
slips into it and is then drowned in the liquid. When the 
insect is thus killed, its sqfter parts are gradually digested 
by the leaves. (See fig. 60) 

The specimens of this plant are found in Burma and also 
in some parts of Assam. 

Transference of assimilated food 

H • 

• t 

We know that the xylem portion of the bundles is used 
for the transport of the ascending sap. In woody plants of 
advanced growth, the heart-wood never takes part in the 
conduction which occurs through the new rings of sap-wood. 
After assimilation when carbohydrates and amides are 
built up in the mesophyll cells, they pass in solution to the 
various parts of the plants. The living protoplasm • makes 
use of this as food substance. Many of the soluble com¬ 
pounds are used to form insoluble substances which 
are stored in special cells as reserve . food for future use. 
Transference takes place at first by ceU-to-oell diffusion. It 
is very rapid when the substances are conveyed through the 
phloem, specially the sieve-tubes. Usually, nitrogenous 
substances pass through the seive-tubes while the elaborated 
carbohydrates ^ire distributed through the phloem paren¬ 
chyma and the parenchyma of the grotmd tissue. In this 
way the elaborated matters are spon transferred to the grdw> 
ing redone or to the special storage ceUs. 
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Summary oV Chapter IV. 

1. Carbon asslmilattion or photo-syuthosiH is Ihe proc(‘rtK uf 
abHorptioii of carbon dioxide and decomposition of carbon dioxide and 
water under the influence of light.* Carlson dioxide is taken from air 
and water from soil. 

2. The process of carbou assimilation—Carbon dioxide is decom¬ 
posed into carbon monoxide and oxygen while water is decompostid 
into hydrogen and oxygen. Carbon monoxide mixing with hydrogen 
forms formaldehyde which gradually is converted into sugar. 

3. Conditions of carbon assimilation :—(1) Carbon dioxide (2) Light. 
{3) Chlorophyll (4) Water (5) Stomata (C) Heat. 

4. Chlorophyll— For its development light, heat, air, and iron are 
required. It contains carbou, hydrogen, oxygen and nitrogen. It is 
soluble ill alcohol. The solution is fluorescent. It absorbs many rod 
rays. In its place etioliu is formed when a plant is grown in darkness. 
Etiolated plants are pale yellow in colour. Due to the absence 
of iron, plants become chlorotic. 

5. Light— It consists of seven rays of which red rays are most 
active in pf ^motipg carbon*assimilation. 

6. Nitrogen assimilation— The sap containing nitrogenous 
matters produce, after assimilation by chloroplasts and light, amides 
from which proteids are foimed. 

7. Nitrc^an assimilation by leguminous plants— The root 
tubercles contain bacteroids which, supplying nitrogen to the legumi- 
nous plants i|i exo^nge of carbonaceous food taken from the plants, 
live symbiotipiUly w^ them. 

Ihseflttvorous plants absorb nitrogen from the insect-bodies 
Hiey They have different adaptations for capturing insects in 

the |ipeoi6s. ^ is a common insectivorous plant of 
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* Ex^cise IV 

1. What do you uaderHtand by photo-synthesia ? Describe some 

experiment by which you can demonstrate the products of this process. 
C. U. 1917. * 

2. What external conditions 4 ire absolutely indispensable for 
the formation of starch iif leaves. Give reasons for your answer. 
—0. U. 1932. 

3. How would you show by experiment that starch is only 
formed in leaves when they are exposed to sunlight?—C. U. 
1928, 1914. 1911. 

4. What is chlorophyll ? What is its use in plant growth ? Is 
it invariably present in all plants ? What conditions are necessary for 
the formation of chlorophyll ? How can you demonstrate the iniluenco 
of light on the function of chlorophyll ?—C. U. 1931, 1925, 1910. 

5. What is assimilation ? Explain the difference between thes pea 
plants and other green plants as regards their nutrition. What is the 
significance of this difference ?—C. U. 1930, 1921, 1914, 1909. 

Hint Cultivation of pea or allied plants enriches soil with 
nitrogen and thus increases its fertility. It also compensates the loss of 
nitrogen caused by the cultivation of other crops , ^ ^ 

6. What is meant by symbiosis ? Distinguish between parasites and 
saprophytes. Give examples.—C. U. 1913. 

7. How are the feeding processes in plants influenced by the alter¬ 
nation of (a) day and night (b) summer and winter. 

Hint :—During day more water and raw food materials arc absorbed 
than those in night hence feeding process increases during day but 
diminishest at night In winter less water'lis absorbed than that 
transpired but in summer absorption increases with the rise of tempera¬ 
ture so new organic compounds begin to form in this season. 



CHAPTER V 
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METABOUSM AITO BESFIBAHOIT 

’ ^ ■ . * 

Metabolism 

4 

We have noticed that co nstructive or synthetic process,, 
taking place i n the plant results m the e laboration of 
protoplasm. There is also the destructive process in which 
tHe$dtbi>lasm is decomposed and several substances are 
lormeNcl along with the production of heat and energy. ^ 
certain amount of protoplasm is lost for the production of 


heat but the energy set free during the decomposition is 
mamiy use^ the process ,qL growth. No plant can live 
unless both these two processes df construction and destruc¬ 
tion or comi)osition a||i^^Jti^omposition of protoplasm go on 
side by sid e/ ^nstrui^^H^yQoesses, such as photo-synthesis, 
nitrogen ^j^Knilati^-constitute anabolism. Des¬ 
tructive ipScesseS, s^ 

The sumJililillbf these two processes is called metabolism.^ 





/ 


^Ullspiration 

Like aid^alSf plants respire or breathe. The breathing 
process coi|8i8ts kr inhalation or absorption of oxygen and 
exhalation |or the evolution of carbon dioxide gas. Plants 
aire not pr^yidal vdth special respiratory organs. All parts 
of plants a|a oopbetned with absorption of oxygen which 
tb??cn:^h stomata, lenticels, etc. The bxygen 
^#iiRto^;l|jby pj^^ which is thus oxidised and brtitoi 
inl^ ^feral sitiapler substances. One of thm.is cs^bon. 


diwde wlfch is liberated by the plants:. 



METABOLISM AND KESPIRATION 


321 


* 

Wliile anabolism or consfeructive process is mainly 
concerned in the storing up of energy in potential form, the 
catabolisnl or respiration converts that energy into kinetic 
or free form. Respiration is thus the transformation 
of the potential energy of complex organic substances 
into kinetic energy which is expended in growth or in 
other ways. Without tlie presence of this kinetic energy 
no iilant can sustain its life, because it maintains necessary 
heat within tlie tissues, regulates growth and controls various 
kinds of movements exhibited by plants. Thus, respiration 
is as impc^rtant a process as assimilation. Both of them 
again are interdependent. One can not take place without 
the other. Thus, assimilation can not go on if there be no 
ro’spiration. Conversely, respiration is impossible if there 
is no elaboration or construction. 


Carbon assimilation and respiration compared 
Carbon Assimilation Respiration 


(1) It is a foodiug pi-ocess 
(anabolism). 

(2) It consists in the absorption 

of CO 2 and evolution of Og. 

(H) It occurs only where chloro- 
pla^ts are present. 

( 4 ) It occurs when sunlight is 

present and stomata are open. 

( 5 ) It causes gain in weight of 

plants due to construction. 

(G) Air gains more oxygen. 


(1) It.is a breathing process 
(catabolism). 

(*i) It fconsists in'* the absorption 
of Ot and evolution of COs. 

(3) It occurs in all parts of plants, 

green or non-green. 

(4) It occurs both dly and night, 

independent of light. 

(5) It causes Joss in weight of 
plants due to destruction. 

(0) Air gains more carbon dioxide. 


To prove that plants breathe 

Expt. 1 . If plants be deprived of oxygen they become sickly, and! 
at last die as their respiration is checked. This is often noticed in pot 
plants which are planted too deeply or covered with too much earth. 

,21 
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iThcir roots can not get the required oxygon for breathing. On the 
other hand, growth is not affected if the upper cru.st of s()il ih loosened 
•so as to allow free access of air to t)ie roots. 

Expt. 2. If two closed bottle/of equal size are taken and if one of 
them is half filled with germinating seeds while the other is empty, it 
is noticed after a day by plunging a burning taper in the two bottles 
that, the taper in the bottle containing the siiods goes out at once and 
that in the other bottle goes out after burning fora time. The taper 
■going out at once shows that the bottle “does no longer contain oxygen 
which has been replaced by carbon dioxide as the result of respiration. 
The other bottle contains oxygen which supports combustion. This 
proves that oxygon is absorbed and carbon dioxide is evolved when 
plants breathe. 

‘^/fixpt. 3. Pour corked glass bottles arc arranged in one line on a 
table. The corks arc perforated with two holes for passing tubes. The 
bottles are connected b\ the bent tubes as shown in the figure. The 
bottle A contains strong eaustic potash solution, T-J contains lime 



ApgiH^ati^S'to prove that plants respire. A—With potash 
jtoluti'on. B, D, B—With lime water. 0—With 
* ‘ germination seeds. F—Aspirator. 

• ■water, G. germinating seeds of gram and D. lime water. E, containing 
lime , is connected with an aspirator. full of water in such a 
way that .-when water is allowed to falU air is sucked in into the 
"aspirator jthrough A and 'other bottles. Thus so long as the water 
flows out*, there is a current of air passing through all the bottles. 
When air enters A, the carbon dioxide of it is absorbed by the potash 
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solution. Whfln the air enters J^. it is freed from carbon dioxide 
and so the lime water in B is not turned milky. ’I’he air now 
consisting ‘of oxygen and nitrogen only enters C whore*respiration 
is going on. When the air enters 1^, the lime water there is turned 
milky \rhich shows that the air now contains carbon dioxide 
derived from C as th(! result of respiration. The lime wafctu' in K 
remains; unchanged if tlie air is now quite free from carbon dioxide. 
Tills proves that carbon dioxide is given out during respiration. 

Parts which respire vigorously 

Though respiration occurs in all parts of plants, vigor¬ 
ous respiration takes,place in the following parts :— 

(1) Germinating seeds, (2) developing buds of flowers 

and leaves, (3) rapidly growing parts and (4) living and 

active cells. 

/ 

’/"EHect of respiration of plants on animals 

I 

In the daytime botli respiration and carbon assimilation 
go on simultaneously. It is known that CO 3 exhaled in 
res])iration is poisonous to animals. The injurious effect of 
the evolved COa is counteracted by the process of carbon 
assimilation ; and again COa given off by trtiimail during 
their I'espiration is also utilised by ])lants in photosynthesis. 

At night, when there is no carbon assimilation and when 
plants only respire, the atmosphere, under trees, becomes 
vitiated with CO 2 continuously evolved. Animals, remain¬ 
ing under trees, go on adding to the ^atmosphere fresh 
volumes of CO 2 which being heavy settles down. It is, 
therefore, unwholesome for any man to sleep under 
trees at night. 

Respiratory Quotient 

There is a relation between the volume of oxygen absorb¬ 
ed and the volume of carbon dioxide given off. 
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This relation is not always constant. The relation may 

l)e indicated by the fraction which is 

( volume of O 2 

ciilled respiratory quotient. When this is etjuai t o 1, the 


volume of oxygen is eqi^l to the volume of carbon dioxide. 
The quotient is sligktly less than 1 in oily seeds. In 


succulent plants, it is less tha'n eve^ o, as there is abundant 
organic acid formed in their celhsap due to the storage of 


carbon dioxide. 


To prove that the respiratory quotient is nearly one or 
the volume of oxygen absorbed is nearly equal to 
the volume of carbon dioxide gdven out. 


Expt. Placing a number of flower buds in a flask and pushing a 



plug of cotton wool in the 
lower part of the neck of the 
flask it is inverted over a 
trough of mercury If it 
be kept in this position 
for a day no change in 
the level of mercury is 
noticed. This is because 
the volume of oxygen in 
the flask used up by the 
flower buds is nearly equal 
to the volume of carbon 
dioxide exhaled. .Now by 
means of a bent tube a little 
caustic potash solution is 
introduced into the flask 
when the solution floats <m 
the mercury, Within a 
short time it wi]} be 
noticed that the mercury 
goes on rising in the 


flask till jpt, fills up one-fifth of the whole volume 'of the flask due 
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fco the absorption of COi which has replaced the oxygen forming 
one-fifth of the volume of air. 

To prove that heat is evolved during respiration 

Expt. Two bottles half filled with caustic potash solution are 
placed in a large glass vossoL The raouth'*o{ each hottlc is covered by 



Fig. 182. 


To prove the generation of heat during respiratio^. 


a funnel. One funnel is filled vnth germinating seeds while the other 
is filled with boiled seeds. A thermomoter is inserted into the seeds 
in each funnel. It is noticed after a time that the thermometer in the 
germinating seeds indicates rise of temperature while no such rise is 
noted in the other thermometer. 


^tramolecular respiration ^ 

The respiration with the absori>tion of oxygen as seen in 
ordinary green plants is called aerobic respiration. In 
germinating seeds, respiration may take place to a certain 
extent, even if they are deprived of oxygen. The oxygen 
required during respiration is hot taken from outside but 
is supplied from within as the result of the decomposition 
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of complex compounds when they copie in contact witli 
various chemical bodies called enzymes and produce many 
plastic bodies and liberate f carbon dioxide. This kind 
respiration is called anaerobic or intramolecular 
respiration. 

4 

To prove intramolecular respiration 

Expt. -After removing the sued coats of several germiiiatiug seesds <if 
chhola they are carefully introduced into a test-tube which is already 
filled with uicrcury and inverted over a dish of mercury. The seeds rise 
in the tube and rest at the top displacing their own volume of mercury. 



^ ^’ig. 183. 

To p^ve intramolecular respiration with germinating 

gram seeds. 

Within a f^w hours it is noticed that the level of mercury sinks 
due to the f<^niatiou of a gas. A little potash solution is passed into 
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tlic tul)o so that it Hoats. Soon the Jovel rises owing to the absorption 
of tlu! gas l)> caustic potash solution. This gas is ovichisly CO 2 and 
lias been given out by the seeds, though there is no absorption of O3 
from outside. * 

_ > 

Fermentation : Putrefaction. 


Fermentation is a chemical process similar to tliat of 
intramolecular respiratitfi in which various organic subs¬ 
tances are cleconi])ose(l by many Fungi and Bacteria without 
the supply of oxygen. Tlie energy is obtained in a way 
differing much from what is noticed in a tyjwcal oxygen 
resi>iration. Tlie decomposition is usually effected by the 
help of ferments secreted by the living protoplasm.; They can 
be extracted and ca-n act apart from the jirotoplasin which 
can also act itself as a ferment. In Yeast, the ferment, 
known as zymase, when extracted, can be induced to set up 
alcoholic fermentation in sugar solution according to the 
ecpiation- - 


CrtHiaOy (sugar)"2 C 2 HttO (alcohol)+ 2 £p 2 
When comjdex nitrogenous substances are acte(^ upon by 
Bacteria producing obnoxious gases along with CO 2 , such 
fermentation is known as putrefaction. 

In soil, dead organic substances are usually decomposed 
in this way to render them available for absorj'tion by 
higher jilants. The process of converting these organic 
substances into soluble nitrates after successive cheuaical 
changes, is called nitrification. (See page 282). 


Products of metabolism 

(1) Plastic substances. —They are, at sometime or 
other, made use of by the protoplasm as food materials. 
They may be formed both anaholically or katabolically. 
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Those formed as fcl»e results of assimilation are suj^ars, 
amides aijd proteids. While those formed after rqspiration 
are starch, cellulose, aleuron^ p^rains, oils, inulin, etc. 

(2) Secretions. —They are ftidirectly useful to the 
plants. They may he ferments or enzymes, various ])if?nients 
such as chlorophyll, carotin, etc., organic acids, as oxalic, 
citric etc. and aromatic substances. 

(3) Excretions. —They are not of any use to idants. 
They are alkaloids like quinine, nicotine etc., resins, gums, 
tannin and gaseous j)roducts, such as carbon dioxide, oxygen, 
water vapour, etc. 

_ * 

(4) Energy. —This comes both from lieat and light. 

We know that during assimilation, the energy stored in 
the potential form is convened into the kinetic one during 
respiration. Tliis free energy is used mostly in the building 
up of protoplasm. 

(5) Heat. —Dissipation of energy takes )»laco in the 
shape of heat which is noticed during germination of seeds, 
unfolding of buds etc. 


Removal of waste products 


Kem 

V 


V \^aste products may he secretory or excretory. As 
plants hava^ no Si)ecial excretory organs, they adopt different 


ways to get'rid of their waste products. 

The fpll|wiag aje the ways :— 

(3^) ' Falling of leaves and floral imrts. 


'(2) Sc 41 iTig of bark. 

(3) Production of sugary solution as in flowers. 
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(4) Excretion of resins, volatile oils, etc., through their 
special d^cts. 

(5) Deposition of mineral matters, chiefly carbonates 
and oxalates of calcium in si>ecial cells in the form of 
crystals. 

(6) Presence of acids, colouring matters dissolved in the 

cell-sap. • * 

(7) Throwing out of water in transpiration, carbon ' 
dioxide in respiration and oxygen in photo-synthesis. 

Enzymes or Ferments 

They are the secretions formed katabolically from proto¬ 
plasm. They convert tlie insoluble reserve food into soluble 
fi>rms wdien they are transferred. * Though they induce the 
conversion, they themselves are not affected. They are :— 

(1) Diastase —converting starch into nialt-sugar. 

(2) Invertase —converting cane sugar into grai)e-sugar. 

(3) Maltase —converting malt-sugar into grape-sugar. 

(4) Cytase —acting on cellulose. ' * 

(5) Inulase —acting on inulin to convert it into fruit- 
sugar. 

(6) Proteolytic ferments —converting proteids into 
soluble peptones. 

(7) Lipase— converting fats and oils into glydferine 
which is turned into sugar. 

Storage of tke plastic substances. 

Most of the plastic substances are stored up as food 
matters in different plant members to be utilised when 
growth- takes place in some parts of plants or when any 
new organ is to be devel6i)ed. The insoluble,forms of these 
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materials are starcli, fats, oils, proteitls, etc., while sugars, 

t 

amides etc. remain in solution in the cell-sap. 

The reserve matters occur in Vm following meml>ers :— 

(a) Succulent leaves of paihar-ktwki, (jlinta-kuman, etc. 

(b) Boots of biennials as inula, (jajar, shaUjom, etc., or 

I 

tuberous roots as ramja ala, fthalatnah, etc. 

(c) Underground stems Its of ^Iti, ada, hahul, ol, pcffaj, 
mankochu, etc, 

(d) Pitli, j)ericycle or ct)rtex of ordinary stems or roots. 

(e) Seeds. 


Summary of Chapter V. 

1. Metabolism includes Ijoth anabolism or the constructive 
process and catabolism or the destructive process of plants. 

2 . Respiration consists in the absorptiojj of O 2 :ind the evolution 
of COa. is the transformation of jxjte.ntial energy of carbohydrates 
into kinetic energy which is expended in growth and in other ways. 

3. Respiring organs—(1) Germinating secids, (2) Buds of flowers 
and leaves, (3) Growing parts, (4) Living cells. 

4. Respiratory quotient i.s the relation of the vol. of CO 2 evolved to 
the vol. of Go absorbed. 

5. * Intramoleeular nespiration is respiration when it takes 
place without the absorption of O 2 . 

C). Pxpduhts of metabolism—(1)—Plastic substamieH (2) Secretions 
(3) Exeretioi»8. (4) Energy (5) Heat. 

7. WastelprodiictK may be removed by (1) falling of leaves and 
V>arkt pioducing♦nectar, resin, oils, mineral crystals, acids, 
colouring nfktters, etc. (4) giving off water, O, CO 2 . 

8. - Enafyi^es—(1) Diastase (2) Invertase (3) Maltase, (4) Cytaae. 
<fl) Inulase. (0) Proteolytic ferments. (7) Inpase. 



METBOLISM AND llESPIBATIDN 


331 


Exercise V 

1. What is respiration ? Doscr^bo the process. How would you 
show experimentally that plants breathe ?' By what parts dotJS a plant' 
respire ?—C. U. lOSH, 19Hlvl92G. 192'4. 1918, 1915, 1913, 1911. 

1. Distinguish between assimilation and Respiration. Why is it un¬ 
wholesome? to keep plants in a room where wo sleep.—C. U. 1913, 1911. 

3. Describe the process of^xchaifgc of gases between a green plant 
and the atmospher<‘ in which it grows. Explain the nature of the 
mutual gain.—C. U. 1927. 

Hint .—The process is assimilation' or respirsxtion. Reg<arding the 
gain, plants gain by assimilation in building up its body ; by 
respiration they gain energy. The atmosphere has no gain except 
getting oxygen. 

, 4. What is intra-molecular respiration ? Describe some- 
i'xperiraent to prove the behaviour of plants when deprived of oxygen.— 
C. U 1920, 1915. 

5. Write a short note on metabolism. What are plant enzymes ?' 
How do they act ?—C. U. 1923, 1915. 

0. What are waste products ? How dot)s a plant get rid of thorn.— 
C. U. 192f>, 1919. 

7. In what different organs ma> plants store up supplies of food for 
future use ? When and in what ways, are these «toueH •used up ?' 
Knumerato the important reserve materials mot with in the plants.^— 
0. U, 1926, 1923, 1920, 1917, 1912. 1911. 

8. Describe briefly the processes by which plants affect the humidity 
and composition of the air. —G. U. 1930. 

Hint. —The process affecting humidity is transpiration whilp the 
processes affecting the composition of air are. photo-synthesis and’. 
respi ration. 



CHAPTER VI 

f 

GROWTH AND MOVEMENTS OF PLANTS 
Growth. 

Growth may be defined as the i>ernianeut increase of 
'bulk accompanied by ].>ennanent chanf?e of form. It is 
usually associated with the formation of now substances. 
As anabolism is greatly in excess of catabolism, the consider- 
^able increase in tlie amount of plant substance as well as 
lihe accumulation of potential energy are mucb greater tlmn 
the loss of substance and the exiwjnditure of energy in 
growing plants. 

Conditioiis necessary for growth. 

(l) Supply of nutritive materials. (2) Proi)er supply 
•of water vthich is not only the medium for carrying, nutri¬ 
tive materials but also maintains the turgidity of growing 
cellsr (3) wliich is required for the oxidation^of 

ptotoplasi^ ^'ith tbe production of energy. No growth can 
takd plaoe| ,^tbout energy, (4) Suitable temperature. 

letnperature is that above which plants can not 
^ninito temperature is that below which 
gi^wth oai:| not take place. Between these two temi)eratures 
there is s|i optimum temperature at which plants grow^ 
hest. (§) |Light of moderate intensity, as strong light 
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affects f^rowth. (6) Supply, of carbon dioxide so that 
anabolic process may be more vigorous than databolism. 
(7) The ctells of the growing members are meristematic 
i. e, in a constant state of division. 

Phases of growth. 

A growing organ haa to imss through ttiree phases 
successively :— 

(1) Embryonic phase in which there is rapid division 
of cells giving rise to new cells. Pi*otoffIasm tills up the 
whole cavity of the cells which are very turgid. The 
vacuoles are not formed. 

(2) Phase of elongation in which the new cells 
formed become greatly elongated. The protoplasm in these 
cells is in a lining layer containing vacuoles. 

(3) Phase of differentiation in which the cells^ 
having attained the maximum increase in size, gradually 
become differentiated or adapted for the work they are to 
l)erform. 

We see that throughout the growing region the growtli 
is not uniform. It liegins slowly just at the tips, increases 
to a maximum a little behind the apex and then 
becomes gradually slower till it stops *|,ltogether. This is 
well-seen in the stems of sugar-cane, bamboo, etc., where 
the intemodes the base are much crowded ; above them 
the internodes are much elongated bat those at the apex 
again are short. Tlie time taken by any growing organ or 
cell to pass through these varying rates of growth is called 
-grand’ period of grpwtjti. 
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To determine which region of a growing 
^root grows fastest. 


Expt. In a corked jar containing some water and lined with blotting 

ft 



Fig. 184. 

To determine the longeMt 


paper a genninatiug pea seed with a 
well-developed radicle is fixed to the 
cork by means of a pin. Make a series 
of marks with ink on the radicle in 
transverse lines one-twelfth inch apart 
by means of a sharp pen-nib. It is found 
after a day or two that the first few of tlui 
upper lines at the tip remain un¬ 
changed. But below thesfj the lines 
are .videly separated from each other. 
Below them again the lines are not 
so separated. The lower lines remain 
as far apart as before. Thus the 
region of the greatest elongation is 
located. The rate of growth slows 
down beneath that region till it 
stops. 

To measure the rate of growth in 
length of plants by auxanometer 


r^ion of grovrth of *a ra- Expt. The auxanometer consists of 
dide. A—Before experi- i ^ ^ i.- i. • i. ^ j u 

ment. B-After »x^ri. “ 

ment. The £or|eMponding moans of a clock-work arrangement, 
marks ^ shofm in A, B. There are two wheels, one of which 
is laiger tlta|i the other, arranged concentrically and kept in 
position a|rertical i^and as shown in the figure. A string passes 
over tl;te small wheel, one end of it is attached to the apex of a growing 
plant and tULelptherJs connected with a weight. As the plant grow.s 


in length the i^eight -descends. Over the large wheel passes another 
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string, two ends of which carry equal weights. A pointer attached to 
«iio id these weights toiifhos the drum. The distance through which 



Fig. 185. • t 

Auxaiiometcr for metisuring the rate of growtli 
' iu length of plants. 

the weight descends iu a given time as shown hy the pointer on the 
drum indirntes the rate ot growth. 

It is noticed tliat growtli increases at night but dimi¬ 
nishes dtiring tl>e day. The maximum growth takes place 
in the morning while minimum growth is found in the 
evening. Thus, the growth varies during the whole of day 
and night. This variation of growth during every twenty- 
four hours is called daily period of growth in length. 
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Growth movement of nutation. 

Growth irt not always equal on all sides rt'Uiid the 
i^rowing point. It is very rapid first on one side and then 
on the other. Thus, the growing i)oint does not elongate in 
a straight line. Moving from side to side in a zig-zag 
course, it descril)e8 a spiml. This sort of nodding move¬ 
ment is called nutation. In tendrils, instead of being 
alternately on one side and then on the opi)osite, the region 
of elongation passes gradually round the growing zone in a 
circle. This sort of nutation is called circumnutation. 

Hyponasty and epinasty. 

These two kinds of movements are found to occur in 
the leaves and floral members. In a dorsiventral leaf, when 
it is in the early stage of its growth, the two sides differ in 
their degree -of turgidity and hence the lower side grows 
faster than the upper one. This condition pf growth known 
as hyponasty is found in the ^folding up of leaf-buds. 
Similarly^ in fern-leaves where ptyxis is oircinate, the upper 
surface is concealed as the leaf-bud is in the form of a dog’s 
tail. Later on, when the leaves gro^v older and gradually 
unfold, tha, upper surface grows more rapidly as the 
maximum growth then changes to the upper side. This 
condition 0f growth is epinasty. 

Irritabilit|^i ’ ^ 

^ ^ I 

the paovement occurs in plants due t'S internal 
Muses Jt is-spdi|taneous. The protoplasmic movement 
and circulation (page 183) is the example pf 
sfKmtanhoiis movement exhibited in plants. But when 
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the * movement takes ))lao6 in plants due to the in¬ 
fluence of external stimuli it is called induced movement 
or irritability (See page 103). Irritability is one* of the 
properties of protoplasm by which protoplasm, 
when stimulated from without, has the power of 
receiving impression or giving • response to some 
external stimulus. The stimuli which induce movements 
in plants by their action on protox^lasm are (l) Light, (2) 
Gravity, (3) Moisture, (4) Temperature, (5) Chemical 
substance, (6) Contact. 

Light. 

When the reactions between the plant and‘its surround- 
ings are properly adjusted, protoplasm is healthy in its 
condition. The proper adjustment of light affecting the 
plant is phototonus. 

The inffuence of light affecting plants may be paratonic 
or heliotropic. 

The paratr)nic inffuenc# of light is well-seen when it acts 
on the chloroplasts in the palisade pi^^enctiyma of 
dorsiventral leaves which are stimulated by variation in 
the intensity of light. In diffused light, the chloroplasts of 
the palisade cells are arranged on their upper and lower 
walls. The leaves are placed flat or horizontal so that 
their broad surface is presented to the incident rays of the 
sun. This sort of arrangement of chloroplasts is called 
apostrophe. When the sunlight is very strong, as at the 

Ml 

mid-day in summer, the chloroplasts of the palisade 
cells are all collected on their lateral walls, so they are 
protected from being decomposed^ At this time the vertio^ 
position of leayes is an adaptation for protecting the 

22 ; , ' ' . " ^ 
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chioroplasts from the scorching heat of the sun. I’his 
arrangement of chloroplasts is known as epistipophe. 

Alternation in the intensity of ligiit to which the 
plant is freely exposed, exercises an influence on tiie 
liehaviour of its leaves which assume different ]K>sitions 
during the day and night. Towards the end of tlie da^, 
when the intensity of light' is diminished, leaves of inan> 

j 

plants or the leaflets of compound leaves droop or turn 



Pig. 186. 

Leaves of showing bleep-movomont, A—Normal position 

of leaves. B—Drooping position 

¥ 

theix:en|6 upwards or downwards in such a way that their 
pO|iitipn| la nearly parallel to the stem ot^|^ leaf-stalk. 
Leafi^pf man^ leguminous plants, amnd and other leaves 
as . l^U|as cotyledons show this ]ieculiar movement. This 
’is chiefisr meant for protecting the leaves from excessive 
transpiration and loss of heat. This movement showing 
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the changes of leaf-position in resi^nse to the stimulus 

•• • 

of altemation> of light and darkness in called nyctinasnc or 
sleep-movement. It is due the change in the turgidiiy 
of the parencliyniatous cells of the pulvinus. The cells of 
tlie pulvinus absorb water on one side and swell, while 
those on the other lose watei and’ collapse Thus the 
imlvinus along with its^up|)«’ portion i. e. the whole 
leaf droops. 


Tropisms. 

i. Heliotropism is the property which enables the 
plant-organs to take up definite positions in 
relation to light. The stimulus 


ot light has an action on the 
diTOction of growth. Difierent 
parts of plants react in different 
ways and thus cun*e when 
exposed to light. It is a common 
observation that during tlie 
germination ol any see^ the 
radicle, soon after its release 
from the seed-coat, turns away 



Irom light and grovrs downwards 
towards the soil where thei’e is 


Fig. 187. 

Heliotropic experimeut 


total absence of light. This 

takes place in whatever position the seed is placed—upwards. 


sideways or downwards. • On the other hand, the plumule 
begins to grow brect as it 'seeks light. ft is for this 
reason that the stems are positively heliotropic and 


roots are negetively heliotropic. Leaves are called dia- 


hellotropic or transversely heliotropic as they place 
their surface,at right angles to the incident rays of light. 
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To prove that shoots are sensitive to ligh 

Expt.. A plant is grown in a dark room with only a small window 
on one side kept open. Within ^ few days it is noticed that the oroc 
stem bends at its apex towards the window in order to catch light 
The leaves arrange themselves at right angles to the stem. 

2. Geotropism' is another property which makec 
the plant-organs sensitive due to the stimulatin{ 
influence ot gravity. Under the action of this stiinnhit 
the primary roots #?row vertically downwards into the 
soil and the stem vertically upwards into the air. Thus, 
roots are positively geotropic and stems negatively 
geotropic. , Rhizomes, stolons j,'row at rij^ht angles tc 
the direction of gravity, so they are diageotroi)ic. 



, ‘ Pig. 188. 

i' To prove geotropio ourvatun* of a shoot. • 

). A brapohed pot plant is placed horizontally and is allowed 
togrov^ in^hat state. Within a few days the branches are found to 
turn upvatds and continue to grow vertically. The leaves place them¬ 
selves at r^ht angles to the branches. These sucnes.sivc curvatures of 
the Wanel|BS show their geotropic movements. 
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Expt- 2. Fixing several seedlings on a wheel mounted on a 
Y6Ptic&l axis and revolving the wheel rapidly it is noticed t}iat though 
the seedling* are all the time under the action of gravity they are 
influenced by the greater centrifu^aKorce of the wheel. So the roots 
..instead of growing vertically downwards grow away from the centre of 



Fig. 180. 

Knight’s wheel experiment. 

wheel while the stems grow towards it. If the axis of the wheel be 
horizontal and the seedlings are kept horizontal}y on the wheel, no 
curvature is noticed as all the parts of the seedlings are affected equally. 
This is known as knight’s wheel experiment. 

3. The response made by the growing Organs to the 
•stimulating influence of moisture as regards their direction 
of growth, is called hydrotropism. Roots, moving towards 
water ih the soil, are positively hydrotropic. 
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Other stimuli. 

(l) Chemical stimulus. —The tentacles on the leaves 

I s 

of sun-dew, the spermatozc^ds of Pteridophytes, attracted 
by malic acid or sugar, show chemotactic movements. 


(2) Heat also exerts an influence on plant-organs 
which exhibit thermo¬ 
tropic moven^nts. 

(3) Contlct acts as 
a stimulus to many growing 
organs as tendrils, root- 
tips etc. We have noticed 
that the tra^) door of 
bladder-wort is sensitive 
to the minute water- 
insects. All of us know 
that as soon as a leaf 
of lajjahati is handled, 
suddenly the leaflets droop downwards. AU th^leaves of 
the plant behave in the same way if the handlingne rough. 



Fig. 190. 
Lajjabati leaveu. 


Summary of Chapter VI. 

I ^ 

1. Orowth iR the permanent increase of bulk accompanied by the 
permanent ch^^ of form. 

9. CoBditimis of growth-(1) Food (2) Water (3) Oxygen (4) 
TempergAur^ l^ht (6) Carbon dioxide (7) Meristematic cells, 

^ leases pf g]r0wth—(l) Embryonic phase (2) Phase of dongation 

(3) Fhitsfw^htiailon. 

l!%e time ilken by a growing organ or cell to pass through the 
varying rates olgmwth is called the grand period Of growth. 
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4.* Nutation— When the movement is in a zig-zag ooura it is 
Tiutation but it is oircumnutation when the movement #de8cribeB a 
circle. Wh^ the lower side of a leaf grows faster than the upper one, 
the condition of growth is hyponastjl but it is epluasty when the 
upper side grows faster. 

6. Irritability is the sensitiveness of protoplasm which when 
stimulated under the influence of external stimuli has the power of 

responding to them. • 

G. Light—The inflence of ll^ht may be holiotropiijl or paratoniC. 
ApostropB and epistropo are different movements of ohlbroplasts 
in the leaves exposed to the varying ihtensit^of light while sleep-move 
meiits of leaves at the end of the day by their foldings are the examples 
of paratotiic influoiioo of light. HBliOtPOpiSDI enables the plant- 
organs to take up definite positions in relation to light. 

7. Gsotroplsin makes the plant-organs sensitive due to the 

stimulating influence of gravity. 

8. Hydrotropism makes the organs sensitive to take up definite 
position in relation to moisture. Other stimuli are chemical substances, 
heat and contact. 


Exercise VI 

1 . What external conditions influence growth of plants and what 

are the effects produced by them. Give examplbs. What is growth ?-* 
C. U. 1936, 1922, 1919, 1913. ^ 

2 . How would you determine experimentally wljlch part of a ycung 
seedling is growing the fastest ?—1929, 1912. 

3. What is meant by irritability in plants ? What manifestation 
of it occurs in nature Of what use is.it to Gie plant.—C. U. 1914. 

4 . Write short notes on heliotropism and geotropiam. Beaoribe 
simple experiments of demonstrate geotropiam and beliotmpism in 
plants.—C.tJ, 1928.1926, 1916. 

5 , Give instances of sensitiveness of plants to contact.—C. U. l$il. 
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Kinds. 

All plants, high or low, must reproduce tliemselves in 
order to propagate their species. Before they die, they leave 
apart structures by which the spreading of the species is 
possible. The structures so separated may consist of a 
singl€| cell or a group of cells. There are three ways by 
which reproduction is effected ;—(l) Vcgcitativc, (2) 
Asexual, (3) Sexual. 

Vegetative reproduction : its occurrence. 

This simple process of reproduction consists in the 

separation from the plant of any vegetative part 
which ^becomes more or less specialised for the 
purpose of multiplication. The part is produced 
directly from ordinai*y vegetative organs and when detached 
is capable: of giving rise to a new individual quite 
similar tq the mother plant. 

In higlter plants, the following are the organs by means 
of which ^^Bgetatfve reproduction can take place :— 

(1)"" Radical buds, produced from roots under s|iecial 
circimi8tai|cBs paiole. (See Buds, Morphology) 

J^iphylioms buds as in patharkuchi leaves. 

^ 13) ,;^ilfe>dified buds called bulbils developed at the 

t' 

axils of lef,ves of ehupi’i alu, etc. 
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(4) Gemmae formed on liverworts, moss, etc. 

(6) Adventitious buds developed on the upper surface 
of the leaf-lamina of ferns as.iin walking ferns. 

(6) Aerial modifications of stems become liighly 
specialised to serve chiefly the ^purpose of vegetative 
propagation. They are runners, off-sets and suckers 
( see pages 59 —60). • 

(7) The underground types of stems as rhizomes, 
tubers, corms and bulbs, fully adapted for multiplying 
the species vegetatively, produce buds to give rise to new 
shoots (see pages 52—54). 

(B) Cuttings of many stems and roots placed in the 
.soil give rise to new individuals under favourable conditions. 
Examples can be found in jaba, jeoli, ak, etc. 

(9) Grafting, or causing a shoot of one plant to adhere 
and grow on the body of another, is also a way for propa¬ 
gating special varieties. 

In lower plants, new individuals are formed vegetatively 
by ordinary cell-division, as in spirogyra or b^ means of 
budding, as in yeast. In Bacteria, mere splitting of walls 
causes the formation of new organisms. 

Asexual reproduction. 

This consists in the formation of a highly specialised 
single reproductive cell or spore which jgives rise to a nevr 
organism. This differs from the vegetative method in this 
that the specialised body is unicellular in asexual reproduc¬ 
tion while the body is multicellular in the vegetative 
method. The new organism formed always resembles the 
mother plant in the vegetative method but in the asexual 
method it may or may not resemble the parent. 
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In the flowering plants there are two ditferent types 
of asexual spores formed on the plant which is known as a 
sporophyte. Pollen grains ^d embryo-sac of the ovules 
are the two different spores formed on the flowering plant. 
The plants are called heterosporous owing to their 
formation of two type's of spores. In Pteridophytes, the 
plants may be homosporovs or heterosporous according 
as the spores formed on them are of one type or two. 
Asexual spores are usually developed within a case called 
s)x>re-sac or sporangiu'in. In higher plants, the leaves^ 
bearing or protecting the spores, are called sporophylls. 

Sexua^reproduction. 

I 

This consists in the formation of two kinds of highly 
s})ecialised cells for the imrpose of reproduction. These 
cells are singly incapable of producing any new organism 
but they fuse together to be capable of producing a new 
individual. These cells formed are called sexual cells or 
gametes. The plant on which they take their origin, develop 
and fuse together is called gametophyte. 

When the gametes are indistinguishable ipto male and 
female the process of fusion is called conjugation. But 
when the gametes are distinguished as male and female, 
the process .of union is called fertilisation. The product 
of conjugat^n ‘ is zygospore while oospore is the 
result of fe|tiKsa^iQn. The term zygote applies both to 
zygbapore aijl oospore. 


Exercise 

1 ." Wfi^akhort esgay on vegetative reproduction in plants. Give- 
ejcamples,—C. fc. 1928, 1918, 1917, 1912. 

I 



PART' IV 

E(X)LOGY 

Ecology is that branch of Botany which deals with the* 
relation of plants to their surroundings. It 'enquiref into*' 
the physical features of the place where the plants grow. 
It also investigates the different modifications of the- 
plant-organs in adaptation to those features of the place.. 
As regards the physical conditions we are to consider the 
duration and intensity of light, the temiierature, the character 
of the soil, elevation, the amount of moisture, wind, etc. 

Plant associations. 

There is a continuous struggle for existence- going on 
among the plants similar to the struggle noticed among 
the animals. A plant becomes an unsuccessful competitor 
and has to perish at last if it fails to adapt itself to the 
external conditions which are constantly varying owing to the 
forces of nature and to the aotiona of animals and human 
beings. Thus, a plant which has adapted its structure for 
living entirely submerged in water can not grow m any 
place out of water, as it must fail in open competition to 
adapt itself to the atmospheric conditions. It is for this. 



34B 


KCOL()(iY 


reason that plants belonging to widely different families 
are found t® be associated together which are capable of 
adapting ‘their organs to the same dryness and .moisture 
of soil, the same condition^' of temperature surrounding 
the plants, the same amount of light, ete. Such groups of 
plants growing in the,same locality and tending to resemble 
oach other, as far as their leaves, roots and stems are 
•concerned, are called plant assotiations. The power of 
adaptability lies in the vegetative i)arts and is not usually 
«een in the structures of flowers of the associations. 

Olassification. 

Pi'oin the point of view of ecology, the flowering plants 
are classified mainly into three groups :—(1) Hydrophytes 
•or water plants living entirely in water or in soil contain¬ 
ing 80 i>er cent water, (2) Xerophytes or desert-loving 
plants living on rocks or in soil which is i)oor in water. 
The plants growing on sea shore are also xerophitic in 
their habit as the abundance of salts in the soil decreases 
absorptioti so as to prevent loss of water by transpiration. 
All xerophytes have to struggle much for securing water 
and holding that in them. They adapt their structures 
accordingly. (3) Mesophytes are intermediate between 
the two. 

c 

, WATER-PLANTS :-THEIR 
CHARACTERISTICS 

^1^0 cOfiditions of life of these plants in water are more 
tho^b to which a land-plant is exposed. As 
w^tet gets^ot and loses its heat less quickly than land, the 
water-plaBls are not to suffer from sudden changes of 
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temperature which in most cases affect lantl-plants. As water 
contains^ carbon dioxide more m i)roportion than air and as 
oxygen always remains dissolpred in water, the processes of 
assimilation and respiration are more easily carried on. On 
ilie whole, the adaptation of their structures is such as to 
ensure vigorous transpiration in proportion to the absorption. 
The reduction of absorptioi? is usually effected by the 
lower temperature of water as compared with that of land. 

Roots are usually always adventRious. They are never 
hard. The whole root-system is feebly developed. In 
paniphul^ topapdna, the roots are fine, thread-like and 
clustered. In padmaj lily, the roots are not provided with 
•root-hairs. In some cases the root-cap is also absent. In 
wrater-plants, as absorption of water and food materials 
dissolved in water goes on over the .whole submerged surface, 
roots in some cases are totally Wj^nting as in bladder-wort. 
In other cases, the roots are used more as organs of attach¬ 
ment than of absorption. keshardam, cotton-like 

floating roots are developed from stem-nodes, to make the 
plant light. • * 

Stems have their woody tissues poorly developed, i.e. they 
are very soft and without lignification. Their epidermis 
is not at all cuticularised, so the whole surface is able to 
absorb water. The internodes are long. As water gives 
support to the stems, there is reduction pr total absence of 
sclerenchymatous tissue. They are thus soft but so pliable 
that they can easily be swayed by water current without 
breaking. They are full of large air spaces called lacunae 
which facilitate the passage of oxygen required for respira¬ 
tion, and maintain the buoyancy of the plants. The 
central arrangement of xylem in the stems is also sufficient 
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to meet the slight pulli-ng strain of water. They ai’e never 
erect but usually much reduced. In most ca^es they are 

(I 

of underground forms as of sal^ik, padma etc. where they are 
rhizomous or bulbous. In some cases as in kalmi, hinch.e, 
etc. they are runners. 



, ' Fig. im. 

■h • 

- I J*am, 

■ 'i 

pay'she eiibmerg^ or floating or both* Those 
Imhg ruA are either long, thin, and 

ribto-i^^ las or finely divided so that 

greater isurfaoe is offered for the absorption of the 
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gases dissolved in the water. The fine division is also meant 
for giving less resistance to the current of water so 
that thi current easily passes witliout injuHng the 
leaves. Usually, ribbon>like leaves are formed when the 
plants grow in still water. But the plants living in, 
moving water have dissected leaves. The submerged 
leaves have no stomata ojc cuticle as there is no 
transpiration. In floating leaves, the stomata are on 
the upiier surface. To protect these stomata from being 



Fig. 192. 

Kcuihuripana 

choked up with water, the upper surface of such leaves are 

made so smooth by the cuticular or waxy covering that 

0 

water easily runs off. As the cbloroplasts have not to be 

protected from the strong light, the palisade tissue is totally 

' ' 

absent and the cbloroplasts are present in the epidermal 
ceils. . The floating, leaves are more or less round, entire and 
full of air spaces which are continuous with the air-passages 
running down the elongated flexible iietioles. to the steins 
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and roots as noticed in padvia, shalnh etc. In kacfiuri 
pana, the ]^tioles are much swollen due to the presence of 
numerous* air cavities which not only enable tlie plant 
to float by giving lightness to it but also help in 
respiration. 

Reproduction, in ihost cases, takes place mainly by the 

vegetative means. The ease with which the subiiiei^ed 

«. 

plants are supplied witli water, salts dissolved in water, 
carbon dioxide and oxygen, and the perfection with which 
the i)roces8es of nutritiVm and respiration are effected, lead 
to rapid development and growth, and so result in 
extensive vegetative reproduction. The conditions of life 

r 

led under water are particularly and peculiarly favourable 

I 

for growth and propagation. If the older parts of any 
plant decay, the free branches give rise to new plants 
independently or if any portion of a plant is broken off 
and set free, it grows into a new plant as in patia, 
khiide pana. This is because the branches or the broken 
portions are not dependent on the production of roots 
for theirt^ food* supply. In cold , climates, water-plants 
form special winter-buds at the ends of their stems or 
branches to protect themselves against frost. These buds 
containing reserve food drop off and fall to the bottom 
of the pond where they remain during the winter to 
grow up in the spring. 

Flowers j seldom appear from the submerged water- 
plants. *In| pata&haola, a submerged plant, flowers are 
pollinated the current of water on the surface of which 
they. rise».di|ring pollination. In floating plants, the flowers 
are usuallyIbighly coloured to attract pollinating insects as 
m kachi&ilpana, padma, shcUook^ etc. In some plants, 
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flowfers ntay be adapted for wind-pollination. The majority 
of water-plants are perennials. 

M 

Xerophytes : their characteriitics. 

Xerophytes grow in sandy or rocky soils, on higli 
mountainous regions and on sea sfiore. From these 
situations plants secure required *water with great difficulty. 
The adaptations of structures of these plants are such that 
this precious water is not lost frojn too great transpiration. 
Tliey have to adapt themselves to economise their lessened 
supply of water. As, on one hand, there is the reduction of 
food absorption from the soil due to the abundance of salt 

or humus in tiie soil or to the low temperature of soil 

» 

there is, on the other hand, the tendency of the increase of 
transpiration as the plants are well exposed to the high 
winds on sea shore, or on high mountains where the 
barometric pressure is too low. 

The adaptations for increasing their absorption are 
noticed in the following modifications. (1) The roots are 
deeply penetrating and much branched. (2) The ramifying 
root-system is purely meant for gathering as much water 
as it can. The adaptations to meet extremes of temperature, 
strong insolation and dryness are noticed in the following 
characters, (l) The stems are stunted in their growth. 
(2) They are much lignified and thus hardened. (3) There is 
the development of cork or bark. (4) The epidermis has a 
strong or thick cuticle. (5) The woody elements are 
predominant in the system. The contrivances adapted in 
leaves to check excessive transpiration have been dealt 
with (page 301). The storage of water is effected by 
(1) developing water-storing tissues, (2) presence of latex, 
23 
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(3) presence of mucilftfje. The laat two have the |)6wer 
of retaininfi water. The succulent plants, as phani-mamhn 
and many Euphorbia, grpw in deserts and obntain an 
abundance of mucilage, latex and water-storing cells. 

Mesophytes. 

They differ froni xerophytes* in iK>8sea8ing thin and 
normal leaves adapted for the regular and continuous trans- 

f 

piration during the •day in proportion to the absorption of 
water containing the salts from the soil. As a result of 
this, food substances are profierly distributed in the different 
parts of plants. Stomata develop on the lower surface of 
leaves though they may occur on the upi^er surface. 
Mesophytes differ from the water-plants in having a w’ell- 
developed conducting system by w’hich a current of water 
through the plants is always noticed. The whole root is 
not useci for the purjwse of imbibition of food solution. 
The roots, stems and leaves are well-develoi>ed and vary 
according to /jheir habitats. 


Exercise 

). What are the chief oharaoterieties of aquatic plants ? In what 
reepecto do ^eM plants differ from typical laud plants.—C. U. 1982, 
1912, 1911.1 

2 . briefly plants growing in (a) moist and (b) dry situa- 

tiou8.^0. U. 1016, 

tji V# Wt aeocunt ot the modifications of the leaves to be met with in 
(a)f aqhat^ plants (b) plants living in desert areas (c) inseorivorous 
plants (d) climbing ^ants. —0. U. 1929. 



PART V 

LIFE HISTORY 

CHAPTER I 

CRYPTOGAMS 

Cryptogams include three groups of plant-forms which, 
beginning with the simplest unicellular orgarysm, gkdvanoe 
through gradations to complex bodies differontiated into 
stems, mots and leaves. They are also called spore- 
plants as distinguished from Phanerogams called s^ed- 
plants. The unicellular spores, separated from the mother 
plant efilaot the formation of new Cryptogams while the 
multicellular seeds are the means of reproduction of 
Phanerogams. Spores, found also in Phanerogams, are 
not the immediate'^use of the formation of new plants. 

The three groups..of Cryptogams are, as-we know'before, 

ta) Tludlophytes, (b) Btyopkytei and (c) PteridQ- 
phytfes. 
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THALLOPHYTA 

The 'plants of this group are alrnost un<}ifferentia- 
ted i.e., their body does no! usually develop any organ for 
special work. The vegetative body, exhibiting no segmenta¬ 
tion, is a thallus. , The Thallophytes, thus, consist of 
simplest ])lants. In some cases, the plant-body is a 
single cell ; in other cases, the ihalius consists of a long, 
branched or unbranched filament, or of a group of cells. 
The plants are thus*, known as cellular cryptogams. 

Tliere are different modes of reproduction adopted by 
the plants. It may take place by cell-division or by 
the formation of spores sexually or asexually. When 
spores bear cilia or whip-like threads by which they 
move actively in water, they are called swarm spores 
or zoospores. They are called aplanospores when they 
are not ciliated. Sometimes, vegetative method is also 
adopted. The usual sexual method is conjugation. 
Fertilisation is also found in some cases. 

This group ia usually divided into two classes : (1) 
Algae (sl^taola) and Fungi (chhaia). 

Difference between Algae and Fungi. 

(1) The main distinction lies in the fact that the 

w * 

Algae contiain chlorophyll but the Fungi do not. 

(2) to the presence of chloroplasts Algae are 

green l>uti in some Algae other colouring matters mask the 
chlofoplalts according to which the plants are coloured. 
But are never green in colour. 

' (3) ,^With the chlorophyll Algae can make their own 

food out of the CO 3 absorbed and thereby can live 
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indei)endently. They are thus known as autophytes. On 
the other hand, the Fungi, having no chlorophyll, fail to 
manufacture their food whic^i they must obtain either 
from living animals or plants when they are' parasites, 
or from dead organic materials when they are saprophytes. 

(4) I'^or the manufacturing of food, the Algae require 
light in which they grgw. The dependent Fungi have 
no need for light ; tliey may gi'ow both in light as well 
as in darkness. 

(5) The products of carbon assimilation in the Algae 
are starch, oil (in Vaucheria and Chara), glycogen and 
other complex carbohydrates. The Fungi, cannot make 
use of COa of the air ; .so in them starch, sugar, etc., are 
absent. They absorb nitrogenous compounds and contain 
many oil globules. 

(6) The cell-walls of tlie Algae consist of pure 
cellulose while those {>f most Fungi do not consist of 
cellulose but of cbitin which stains purple with iodine 
solution and sulphuric acid. • 

(7) Algae are usually filamentous, consisting of one 
or several rows of cells attached end to end. They may 
also bo unicellular or consist of groups of cells. The 
vegetative body of Fungi usually consists of much-branched 
filaments called hyphae which are gieatly intertwined 
to form a web-like mass called mycelium. This is 
composed of one or several coenocytes, each containing 
many nuclei. 

(8) Algae are a<iuatic plants while Fungi usually live 
on land. 

(9) Most of the plant-diseases are caused by the Fungi 
while the Algae are mostly harmless. 
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ALGAE 

r ^ 

Algae are further classified according to the colouration 
of the plants. There are four groups of them. They are 
(l) Cyanophyceae, when blue green, (2) Chlorophyceae, 
when pure green, (3) Phaeophyceae, when olive brown, 
(4) Rhodophyceae, when red. Most of the common plants 
belong to the first two groups. Plants of other groups are 
called sea-weeds as they live jin sea-water. 

Alpe 

r . I ^ I 

Cyanophyceae Chlorophyceae Phaeophyceae Rhodophyceae 

I I 1 I ■ 

(J) Chroococcm (i) Spirogyra (i) Fucus (i) Cfumdrm 

(4?) Nostoc (3) Desmids - - - 

(8) Oscillaria (3) Vlothrix ScH-weeds 

(#) Vaticheria 
(5) Chara. 

ALGAE 

Cyanophyceae 

(1) ChrOOCOeeus in a very simple unicellular, blue greeu alga 
found to grow in the stagnant water of ponds or lakes. It multiplies by 
cell-diviBion. ’ The divided cells forming a plate-like mass is totally 
surrounded b^ a mucilaginous protebtive sheath. Sexual reproduction 
is quite unknown in the plant 

(S). Kost^e grbws in a colony of many filaments invested with a 
sheath of mn(ila0.. !l^aoh filament Consists of beaded ceUs with bine 
green ooloudi^ Oiatter.^ Beproduction takes place vegetatively by the 
sp^ittini; fragments called hormogonlA each 

of whid^ of several cells- At intervals, there are clmr spherical 

cells which mark the limits of hormo^nia^ It 

is Wilhiilly fou|d attached to the steps of ponds or to^^e roots of higher 
aqnatie |datl%i| 
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{8) OscillUFia is another blue green alga occurring in the fresh 
witter of ponds. The body is filamentous consisting of a ro^ of similar 
cells. Filafnents are chiefly characterised by their oscillatUng move¬ 
ment. There is a sheath of mucila^ investing the filament. Repro¬ 
duction takes place as in Nostoc by the help of hormdgonia each of 
which grows out into a new plant. 



Fig 193. 

JMants of Cyanophyceae. A -Chrooooocus, 1, 2, 3, 4,—The successive 
stages of cell-division. B—Nostoc filaments, a-'&eterocyst. 

C - OsciHaria. C'~colony of oscillaria. 


ALGAE 

Chlorophyceae 

' A. DESMIDS 

» » ' 

I>esmids are unicellular algae belonging to Chlorophyceae. They 
usually occur in the stagnent waters of ponds or lakes. The simple 
beautiful plAnts are of many forms viz., rounded., star-shaped, s^l|ilu- 
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uar etc. Whatever be their forms, each is constricted in the middle 
so that the*coll consists of two symmetrical halves. There are tvo 
chromato{fhores with pyronoids, one in each half of the eoll. Nucleus 
occupies the centre of each plant ^ Plants show peculiar gliding move¬ 
ment induced by light, lu some plants as ClOSteriUtn, there is n(» 
constriction. 



Fig. 194. 

DcBinidb. A-Closterium. B-Stavshaped desniid. C-Desmid i»! 
the process off cell-division. D—The spinous zypospore in 
' the middle and the vacant (adls on the sides. 

i ' 

Reproduc^ofl takeb place by (1) coll division or (2) conjugation. 

(1) At t^lie time of coll division tho central nucleus at first is 
dividi^mtd t^o ing the lino of constriction. Protoplasm with tho 
ohloiO^atkLixfc dividls to form two halves, each of which develops a 
nevv half to complete the formation of two entire plants 

at a time* ^ I 
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(2) Conjugation. Two plantH approttoh each other when they 
iiecoinc invested by a mucilaginous envelope. Two simila'r gametes are 
formed hv*rcjuvonesceiiee and unite when they come outhf the colls 
w'hich rupture at tho constriction, %'hp resulting zygospore becomes 
spinous on its wall and fonns after divisions two new plants. 


B. SPIROGYRA 
General characters 


This is a green thread-likfe plar^t 
standing water. It grows in a 
colony which floats freely. The 
unbranched thread, when uiagni- 
•fied, is found to consist of many 
thin-walled cells attached end to 
end forming a long row. As the 
cells are all similar, each can carry 
on all the vital functions of the 

s 

plant. So the plant, though 
morphologically multicellular, is 
physiologically a colony of uni¬ 
cellular plants as, when the 
filament breaks up into separate 
cells, each of these can start a new 
Ufe and grow independently. 


commonly found in 



Structure :—Each cell has a 
slimy wall. Along the wall proto¬ 
plasm forms a thin layer from 
which threads traversing the 
vacuole run to meet in the centre 
where the. nucleus lies 8usi>ended. 


' Pig. 195 

A magnified cell of a 
spirogyra filament. N— 
Nucleus. Pt—Cytoplas¬ 
mic threads. P—Plastids 
arranged spirally. 


The chloroplasts are 
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in the form of seiTated bands which coil spirally through- 
1 

out the cell round the vacuole. There are several 

" fi 

proteid bodies called pyrefioids occurring at intervals 
in the chlonoplasts. The name of the plant is due to this 
spiral arrangement of the plastids. 

Reproduction 

(1) Vegetative method —Every time a filament is 
broken ofi‘ into pieces, each piece, consisting of at least 
one cell, can grow oht into a new filament by ordinary 
cell-division. 

(2) Conjugation .—-This is the normal mode of re¬ 
production, specially when food materials run short. Twp 
conjugating filaments lie side by side when outgrowths 
appear from the walls of the opposite cells of the filaments. 
The outgrowths go on approaching each other and finally 
they meet to form a passage called conjugating-tube 
after the absorption of the common wall in place of contact. 
In the mean time, protoplasmic contents of the cells recede 
from the^walls*, contract and form globular gametes in them. 
The gametes of the two corresponding cells now pass 
through the tube and fuse together to form a 2sygospore. 
As the gametes are similar in sine and behaviour, though 
one of trhen;i; sometimes becomes more active than the other, 
their fusioil is known as conjugation. The zygospore 
become^ hr^^ -^and germinates to give rise directly to a 
xmw plant i Icmg period of rest. On first germinating, 

is different base and apex, for it 

timeeattached by one end which is colourless, 

^ ^ observed, however, that two. conjugating 

filament may. at first be glued together when they put out 
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processes which push the filaments at a distance in the 
course of^their elongation. 

Conjugation may also talie i^ce^ between the cells of 
the same plant, i. e., monoeciously. This method is also* 



Fig. 196. 

A—Two conjugating Spjiogyra illaments. g—^Gamete, ct—Con¬ 
jugating tube, a—Zygospore. Sc—Spiral 9 hlon)plasts. 

ec—Colourless cell, oq—Outer coat^ Gc—Growing 

cell. B—Zygospore. C—Germinating zygospore. 


known as chain-like conjugation as opposed to the ladder¬ 
like one which occurs between two plants. 

(3) Parthenogenesis. —Sometimes when conjugation 
fails to take place, one gamete may directly develop into a 
resting spore asexually called azygos^te which can 
produce sj, new plant. 
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C. ULOTHRIX 

* b 

General characters. —Tlr;is is another fjreen iilainen- 
i-tous fresh water alga preferring to grow in running water. 
It consists of thin-waHecl cylindrical cells in one row. Like 
Spirogyra, it lives in a colony which may float in a green 
tangled mass. Usually, it is attached to a substratum in 
the water by a oolourless end. The chloroplasts in each cell 
form a broad band in ^vhich 'the pyrenoids are present. 

Reproduction. —The plants multiply by means of both 
sexual and asexual ciliated spores called zoospores. The 
sexual zoospores are also called planogametes. Both the 
two kinds of zoospores arise from the divisions of ordinary 
cells of the plant. A zoospore is a naked, pear-shaped bod>' 
with clear protoplasm at the i)ointed end. The broader part 
contains nucleus and chloroplast. There is a vacuole called 
pulsating vacuole which alternately contracts and expands 
at intervals. At one side of the spore there is one red 

fi 

•eyespot^. ,At Jthe pointed end tliere develop two or four 
cilia by which it moves and swims towards light. 

(a) Asexual. —The asexual zoospores are bigger in 
size than the sexual ones. They have four cilia by which 
they move. When they come to rest they withdraw their 
cilia and attach themselves by the colourless end to a 
.substraturnfat the bottom of water. Directly they grow 
-out into neW Ulotlirix plants. 

' I. 

(fe) Sfiscual—conjugation. —When the moving bioi- 
4iated,,^<^ipoVes coming out from their difl'erent mother- 
-eetfls nieet,’ Ihey at first fuse in pairs at the pointed colour- 
.less ends, {gradually, when the conjugation is complete, the 
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twA nuked spores become one with four cilia at the end. 
At this stage, tUe quadriciliate zygospore forrujcd can be 
recognisal from the single asexual zoospore by their having 
two eyespots and clilorophyll l^Klies. When the zygospore 
is formed, it draws in the cilia, acquires a wall round it and. 



Fig. 197.* 

Ulothrix. A—Plant attached to the substratum.* B—'Sexual 
units coming out of a mother cell, a—Biciliated jsoos- 
pore. b, c—Conjugating zoospores, d, e — 
Zygospore, f—Zygospore dividing, g-- 
Quadriciliated zoospore. • 


takes rest becoming attached to a substratum in the* 
water. The contents now divide into several parts to form 
asexual zoospore from which new Ulothrix plants are* 
produced directly. 

(c) Parthenogenesis. —Sometimes, when conjugation 
fails, any planogamete may act like an asexual zoospore- 
from which a new plant can be pr 9 duced. 
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(d) Vegetative. —Aa in Spirogyra, the plant can'alao 

multiply 'vegetatively by the breaking up of the hlament 

into pieces which grow independently. • 

c 

(e) Palmella condition :—When the plant ia left 
stranded hy the receding water, the filament forms, after 

^*divisions, a colony of 'round cells each of which is trans¬ 
formed into a thick-walled resting spore. Under favourable 
•conditions of growth, the spore germinates directly or gives 
■rise to a new plant by the formation of a zoospore. 

D. VAUCHERIA 


General c,liaractfer& —This is a green alga growing in 
the fresh water of i)onds or in the stagnant water of ditches, 
specially in the bottom of shallow water. This is also 
found on damp soil as a green tangled web. The plant is a 
lititle differentiated at the place of attachment where 
colourless root-like firocesses apjiear. The plant-body, 
differing from other plants of the group is a much-branched 
filamentous coenocyte. The branches are formed 
irregularly or' dichotomously. Throughout the plant 
the continuous protoplasm, with many nuclei and chloro- 
plasts embedded in it, is not partitioned by any cell-wall. 
Patty ml is ^formed in the plant in place of starch as the 
product of ^ssimilatiou. 


Hepeoductiq^ 

(1) the time of reproduction the end 

olubrltke .inform in which protoplasm 
IS accumulates. A .partition wall is 

the swollen end csiied ^oftfioningium. 
thnb. S6pa^a|ing it from the rest of the filament. The whole 


m 

At 
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contents of the sporangium now contract and l)eoome 
converted into a large green zoospore which is • ciliated all 
over, h pair of cilia is opposite to each nucleus lying near 
the outside in a clear zone* of protoplasm. When the 



Fig. 198. 

Yancheria. A—plant with the colbucleBs root process. B— 
Partitidn wall formed at the' end of one flls£ment. G—Zoospore 
coming out of the mother-cell with difficulty. D—^Large, 
multioiliated moving zoospore. £—-A po^on of the 
Hlament with the terminal obgonium and a onrved 
antheridium. F—BiciHate antherozotds trying 
to enter the mature oogonium. G*~The 
resulting oospore. 

sporangium oiiens at the apez, the large spdre forces' its way 
through it. It then moves lazily for a time and comes to 
rest after withdrawing the nttmefous cilia. On germination* 

t , 

it gives Hse to a new Tauchetia plant. 
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(2) Sexual—by fertilisation —The plant sliows typical’ 
oogamy as the different sexual cells are fornjed within 
differentiated male organs called antheridia and female 
organs called oogonia. fipirogyra and Ulothrix are 
isogamous as the sexual cells they imuluce are of one type 
while this plant is oogamous. 

Both the organs arise in close })roxiinity to each other on 
special branches separated from the rest of the plant by 
means of septa. The antheridiuin grows as a short curved 
brancli.’ The oogonium is tenninal and round in form. The 
antheridiuin produces many biciliate male sexual cells called 
anthero2X>ids which escai^e, when mature, by the rupture 
of the antheridiuin at its end. The oogonium containing 
a single ovum also opens, when mature, at one side where 
a beak is formed. An antherozoid now enters an oogonium 
situated at a distance and fertilises the ovum wliich then 
produces an oospore. The oosiiore germinates in due 
course and directly gives rise to a new plant. 

b. CH4RA 

* • I 

General characters :—Chara is a highly organised green thallophyte 
which grows abundantly in the stagnant waters of ponds, jhils and 
shallow rivers. The cylindrical stem is fixed to the bottom by niean.s 
of colourless rhizoids. The jointed stem shows a regular succession 
of nodes and iuternodes, the nodes sending out whorls of lateral 
members. The members of limited growth are usually called leaves,, 
while the othlBir ^’meiaberg, called branches, repeat the same jointed 
and branching’ habit. The stem and its branches become brittle 
owing to the of lime on the outer walls. 

$tdin StrilCtttre if An intemode consists of one 'long cell 
cover^,b»;A fla|igk layer of cortex. The nucleus of the long cell breaks 

-4 J ' X 

up into large nuclei by fragmentation. A node consists 
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of two confcral csoUk and a circle of 
ages. The lateral nieinbers arise 
as oiitgrowtbs of the nodes. Both 
the steins .IS well as the members 
grow in length by an apical cell. 

Reproduction Tins .sexual 
organs, anthcridia and oogonia 
arc petuiJiarly complex, being 
(Mitircly unlike those of oflier 
Algae. They are the outgrowths 
of the leaves, appearing always hi 
pairs, blach antheridiuni called 
g'lobule has its wall composed of 
eight cells called shields to each 
of which an elongated cell called 
mUnubrium is attached in the 
middle towards the cavity. Each 
manubrium bears one head-cell 
called capitulum from which 3 to 
li secondary capitula project and 
each of these again gives rise to 2 
to 5 long unbrauehed fUamentS. 

A filament consists of many cells, 
each of which liberates a single 

bieiliated antherozoid. 

The female organ or oogonium, 
called nucule, consists of a central 
egg-cell and five spirally twisted 
cells surrounding the oogonium. A 
cell is cut off from the head of each 
of the five and thus a five-celled 
crown is formed at . the apex 
through which antberozoids inake 
their way to efieot fertilisation. 


peripheral cells of different 

I 



Fig. 199, 

Chara. A -Stpm with leaves 
and branches. B—Cross- 

section of an inter¬ 
node C -Section of 
the node. 


The resulting oospore divides at first to form two cells, one of which 
forms the prim.ary rhizoid while the other elongates, becomes green 

24 
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and forms the pPO-embryo. This develops two nodes—the lower one 
produces the rhizoids and the upi)er one gives rise to a whorl of 
branches. •• „ 



' ■ * Fig. 200. 

Reproductive organs of Chara. A - Portion of the plant, 
a—Globule, b—Nucule. B—A sheild of a globule 
with manubrium, ctmitulum, secondary capitula 
; and filaments. C—A filament with cells. 

; D—One biciliatod spermatozoid. ^ 

\ * E—-Germinating oospore. 


FUNGI 

j80«i before that fchaJPungi are mainly charae- 
t#t al abseaoifof cfaloroplaBts. We have 
biieir parasitic saprophytic inodes of 

imtntiion. I. 
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Sometimes, when they live in intimate relationship w'ith 
Algae or with the roots of higher plants by obtaining from 
them carbbhydrates and supplying the host, in exchange, 
with nitrogen and other food solution or protecting them 
in other ways, their mode of life is symbiosis. The well- 
knovm example of syinbiosis can he found in Lichens where 
an alga and a fungus live together. When the Fungi are 
associated with the roots of higher plants in such a way 
that the plant obtains the whole of its food by the help of 
fungus threads, thus playing the paBt of root-hairs, the 
symbiosis is called mycorhiza. (see page 314) 

As the Fungi are land plants, they are usually adapted 
■to aerial conditions. Their gametes are not mostly ciliated 
and the spores, they bear, are usually dispersed by wind. 
Fungi may be classified in the following ways :— 


Funiri 




Hyxomycetes Sehizomycetes Phveomveetes 

as, Bacteri-a as, Mu<pr, pero- 


Ascomyeetes 




I 




Basidlomyeetes 

.. 


FUNGI—ASC OMYCET]^ 

YEAST. 

General characters. —This is a very simple' unicellular 
fungus which grows as a saprophyte * on any sugary fluid 
and can be seen only under the microsGO{)6. Blaoh cell 
forming a single plant is more or less oval containing 
protoplasm, vacuoles and oil^^lobtiles. The nudieus is 
not so distihctly noticed. 
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The })lant lias the power of setting up alcoholic ferrnen- 
tation in sugar solution. Thus, when Yeast grows in sugar 
solution, the sugar is decoinposed forming alcohol, carbon 
dioxide, glycerine etc. Carbon dioxide gas appears on the 
surface in tlie form of bubbles. The frothy appearance of 
the date juice in a jar is a common observation. Owing 
to this property of exciting fermentation in sugar and 
stiirchy substances Yeast is largely used in bakery and 
distillery. 


Reproduction.— 


(1) Budding or gemmation or pollulation. —This 

ff 

is the common mode adopted by the plant. So long as the 
jjlant is well-provided with food materials, it multiiilies by 
budding very rapidly. From one or more sides bud-like 


bodies develop from a cell. 

They grow' in size and when 

they are in the form of their 

mother cells in structure 

and tontents, they may 

detach themselves to form 
* 

separate plants. The daughter 
cells in their turn, repeat the 


same jirQcess. ,Tliey may also 
remain 'attlached to each 


other looming a chain of cells 
or acolW. 

(^) A^^tlal.—When there 
4ss'carcifcy of food 
the plant tak^ 
rBOOulsef to this method. 



Fig. liOl. 

Yoast plants multiplying 
in sugar solution 
by budding 

The nucleus at first divides 
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into four, round each of which protoplasm aggregates and 
forms four spores called ajicospores or resting ^spores. 
These are formed by the proce|^ of free cell-formation and 
tlie mother cell is known as ascus. Under 'favourable 
conditions, the free spore germinates and goes on producing 
buds or new plants. 

{3j Sexual :—Yery fkrely this method is noticed in 
the plants. Two cells, lying very close to each other, i)ut 
out short beaks which approaching ea»h other meet to be 
fused to form a |)a8sage. The contents of the two cells now 
pass through the passage and conjugate forming a 
zygospore which soon is converted into an asoospore. 


FUNGI- PHYCOMYCETES 

A. MU COB MUCEDO (mould or chhata) 

• 

General characters. —This is a common iungusf growing 
as a saprophyte on decaying or rotten organic matters as 
dung, bread, leather and milky substances. If a piece of 
moist bread or a shoe be kept in a dark^’arm room for a 
few’^ days, it is found that the wdiole surface of the bread 
^ shoe is covered with a white web-like mass commonly 
known as m ould (chhatta ). Under the microscope it is found 
to consist of many interwoven threads called hyphae. 
Some of the threads spread over the substratum on w^hich 
the plant preys and thus they act as a branched stem. 
Other threads penetrate into khe organic matters in order 
to draw nourishment thus functioning like ipots. The 
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whole structure formed by the hyphae ^ known as the 
mycelium. The plant-body is a coeiloc:^e, as the proto- 
plasm in the branched tubers continuous and multinucleate. 
Partition walls are no-where found. The vacuoles and oil 
globules are present in the i^rofcoiilasm. 


Reproduedon.— 


(l) Asexual. —The .long aerial pin-like threads 
are the reproductive fiyphae which grow erect from the- 
mycelium. The head of each hypha sw'ells and ^le proto- 
lilasm with many nuclei fills up the swollen head called 
gonidangium or sporangium. The long stalk bearing it 
is the gonidiophore. A new wall, formed l)eneath the 
the gonidangium, separates it from the stalk. The iirotoplasmi 
in the head now divides and forms many cells called 
gonidia or spores. The separating wall protruding into 
the head fonns a columella which, when the spores are 
mature, becomes more globular and presses on tlie head. 
Thus, tht head bursts open and allows the spores to escape. 
Eacli spore, falling on a suitable substratum, germinates to 
produce a new Mucor plant. This method will go on so 
long as th4 plant id weU^nourished. 


(2) Sfxueir-conjugation. —The plant adopts this 
method inbrder make provision against drought. Two 
n^ghbouriM hyphae approach each other and a wall cuts 
off from eich . a small cell at the end which forms the 

The two gametangia meet and have the 
airbed at tlm tips. The protoplasmic 
ill ilie meantime, form in each two undifferentiated 
gam^es ^iich now come together*and conjugate; forming a 
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* 

round zygospore* as the result of conjugation. The 

zygospore, when folly developed, acquires two coats—^tbe 

• • 

exospore and the endospore. ^The exospore is thick and 
warty in api)earance. After a period of rest, tH© exospore 



Fig, 202. 

Mueor plant. A—Web-Jike niyoelium with aerial hyphae. B —Ji spo- 
rangitun with spores and a columdla in the middle. 

C—Spores coming out of the sporangium- 35—Two ga- 
metangia meeting at their ends. E-^Pro-mycelium 
with a sporangium at the head as thb result 
of the germination of a zygospore. 

bursts and the endospore grows out to form a short hypba 
called pro-mycelium which gives rise to a sporangium 
from the spores of which new plants are formed iu the same 
way as found in the asexual method. • 



376 


LIFE HISTOKY 


f 


(3) Parthenogenesis. —When conjugation Tails, one 
of the gametes may act like a zygosnove fnmi which 
ultimately a new plant is developed. 


(4) T6rula condition. —When the plant is found bo 
grow in any nutritive solution, septa are formed dividing 
the hyphae into many cells called oidium cells whicli 
multiply and act like yeast* plants in producing alcoholic 
fermentation. 


B. PERONOSPOREAE 

* 

General characters ;““Peronospora suid Phytopthora are 

common parasitic plants of tJu' group. l^liyto]>tljcra is responsible for 
the potato disease. Peronospora atta(*ks tho loaves of grapes and 
many other flowering phinls causing certain diseases. 

The discolouration and tho fonnation of \el\et\ patches on the 
leaves reveal the diseased condition. The inyeeliinn is cociuM-ytie. 
It ramifies between the cadis of the m<‘soph_\ 11 and sends the hyphae 
into the jnterior of those cells foi- tlici rapid absorption of their 
contents. Thus, the vegetative body is internal. 


Reproduction ; 

% 

(1) Asexual r—At the Lime of reproduction, erect hyphae coirio out 
through the stomata of the leaves and form branches each, bearing a 
single gonidAngitym at the tip. The gonidangia are carried about by 

currents of j Mr ancf when they fall on other leaves, tho hyphae arc 

»/ , 

produced (^ectly dn germination which penetrating into the tissues 
of the pl^ni begin their ravage. Thus tho gonidangia act just like 
goni^.;? . !lp somi cases, gonidangium gives rise to biciliated 
zobgotiidia. } In Phytopthora, tho hyphae bearing gonidangia are 
branched4ud several gonidangia appear on the branches. 
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(Sf) Sexual The sexual organs develop and remain within the host. 
One end of a hypha swells and a cell is cut off at the end by a wall. 
This forma the OOgonium in which the central ovum is suxroundod by 
a peripheral layer of proto])laKm call|id periplAsm. Another hypha, 
cut off by a wall at its end in the same way forms the fhalo organ or 
pollinodium in which the male gamete is covered by periplasm as 



Pig. 20H. 

Phytopthera (P<!ronosporeae). A—The,plant attacking the 
mosophyll with aerial hyphaq coming out through the* 
stomata. B—Gonidangium. C--Gonidangium 
hi the act of division. D—Gonidangium 

producing biciliate sioogomdia. 


in oogonium. The pollinodium grows to come in contact with the 
oogouium when it puts out a tube to pierce through the wall of the 
latter and to effect fertilisation by the discharge of its contents. 
The oospores, when ready for germination after a period of rest, 
•are liberated by the infected leaves which perish at that t|mo. 
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FUNGI—BASIDIOMYCfiTES 


^^^RICUS j^AMPESTKia {mushroom or Hanger clMtk^ 

Graftal characters. —This is a very commor 

^apro ph yuic fu ngus. Tt growsvabundantly on decomposing oi 

rotten organic substances in daini 
woods where the soil is rich in 

f 

vegetable matter. The vegetative 
body or mycelium of the plant 
consists of many threads which 
penetrate and form a network in 
the organic matter or humus of 
the soil on which the plant lives. 
The hyphae of the mycelium 
are incompletely septate so they 
consist of several coenocytes. 
Each coenocyte contains protoplasm with many nuclei, 
vacuoles ^nd oiyi globules<^ The aerial i>art8 of^^he plant 
which we call banger mhata are its repr oductive o rgans. 
Some varieties of the plant are edible and^ are oStival 
this purpose. Othea- varieties are highly poisonous. 



Fig. 204 

Reproductive bodies of 
.mushroom. 


Reprodttctloii.—V 

I 'i .f 

(1) .—At the time of ^ reproduction, many 

aeifiy^ growing u|» unite together to form a massive 

At the head of Itle stalk, there is 
a um protuberance, called pileus. 

, From the* uider surface of the pileus there are many thin 
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plates radiating from the stalk to the end of the pileus. 
These are called the gills as they resemble the gills of fishes. 

Taking a cross sec¬ 
tion of a gill, it is found 
that the central part 
is occupied by long hy- 
phal cells, all of which 
diverge right and left 
and terminate into a 
layer of round cells oh 
two sides. The central 
part is called trama 
'Vvhile the layers on two 
sides form sub-hyme- 
nium. Outside this, 
there is again another 
layer of closely arran¬ 
ged club-shaped cells 
standing at right angles 
to the sub-hymenium. 

This layer is called 
bymenium the cells of 
which are of two kinds. 



* Fig. HOB. 

Gill of Mushroom. A—gill* 
magnified. G—Further magnifi^. 
a- Trama. b—Hymenium just out 
the layer of sub-hymenium. 
c—Basidium. d—Basidios- 
porse. e^terigmatum. 


Some are barren and 
are called paraphyses, others are basidibi on each of which, 
occur two or four outgrowths called sterigmata. Each 
sterigma bears at end a gonidium or spore usually 
known as basidiospore. A spoi^ germinating on a suitable 
place grows out into sTnew plant. 

There w no other method of reproduction known .in 
the plantv ■ i 
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A];^tEBNATIOX OF GENERATIONS 

f 

Plants, higher or lower, are to pass throngh several 
stages in their lives from the beginning to the end. 
These stages, specially in connection with the methods of 
reiirodnction, adopted by the f»lant,^form its life-histor>'. 

The life-histoi^" of most plants, wdien studied, shows 
two distinct phases to conwplete the whole course of tlie 
life. In the lowest forms of plants which we have studied 
under Thallophytes, some have distinct male and female 
reproductive organs by moans of whicli they reproduce 
themselves. Such sex-bearing plants are called gameto-. 
phytcs liecause they bear sexual cells or gametes. We 
have also seen stages in w'hich the plant bears spores in 
order to multiply. Such spore-bearing plants are called 
sporophjrtes. The Vaucheria, when it rej^roduces itself 
by sexual cells, behaves like a gametophyte, but at anotlier 
stage it is 1‘ound to reproduce itself by means of zoospores 
w'hen it bSh'aves. like a sporophyte. This beliaviour is also 
noticed in Ulothrix and other plants. But in such plants 
only one phase may be found to complete the whole course 
of the life. We shall find presently by studying higher 
plants abov^ Thallophytes that their life-history includes 
both the ^aj«es of gametophyte and sporophyte—one 
leading to t^^'other. The gametophyte produces male and 
female gansates which by their union give rise to the 
'Si)Oro^hyfce,| The s^K^rophyte, on the other hand, bears 
on germination give rise to gametophyte. 
Bp^iopfiyfe land gametophyte are thus the two phases 
which regul|rly alternate with each otlier in the lives of all 
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plants excepting the Thallophytes. This alternation, exhi¬ 
bited in the life-history of any plant, is known as alterna¬ 
tion of generations. ^ 

These two alternating forms are not^ecfual in their 
degree of development in the lives of all plants above 
Thallophytes. In Thallophytes, lower in the scale of 
Bryophytes, the alterj^atiorf is quite irregular and the 
gainetophyte is a very 2 iroininent form. It hs only in the 
Bryophytes that the two forms djsvelop efjually. Above 
Bryophytes, there is a tendency of the greater development 
of the sporo 2 >hyte. Consequently, the gainetophyte becomes 
more and more inconspicuous or reduced, as we advance 
.towards the higher plants in the scale. Thus, in tlie flower¬ 
ing 2 >lants, the gainetophyte is so reduced that it cannot 
easily be traced. 

BRYOPHYTES 

The plants of this group are not so undiftereritiated 
as the Thallophytes are. Though the planj b»d|r, in some 
Bryophytes, is thalloid, there are distinct stems and leaves 
in other plants. The roots are not true. Internally, the 
body consists of many cells differentiated into tissues. 
The true vessels as found in higher plants, are never formed 
in them. The plants, thus, occupy a position intermediate 
between the Thallophytes or cellular Cryptogams and 
Pteridophytes or vascular Cryptogams, They are, thus, 
neither cellular nor vascular. 

Bryophytes are further distinguished from the Th^illo- 
phytes by their characteristic structures of the sexual 
organs, antheridia (male) and archegonia (female). These 
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organs are also difl'erentiated in the Pteridophytes, vvliich 
along with' the Bi*yophytes exhibit regular alternation of 
generations. Both of them multiply sexually by*^ gametes 
and asexuall>y by spores. T&ese two inodes of reproduc¬ 
tion, sexual and asexual, occur in regular alternation. 

The plant-l>ody ?s the gametophyte which, unlike 
that of higher plants, i^ differentiated into stems, 
leaves and root-like structures 'called rhizoids. The 
sporophyte develops as a {ruit-hke body. That the vegeta- 

Cl 

tive growth takes pla'ce in the sexual stage is a peculiarity 
in these plants. The sjiorophyte is not an independent 
body. It grows on the gametophyte as a partial parasite, 
for it is to draw part of its required food from the 

t 

gametophyte. When the spores germinate, they give rise 
to a flat platedike body or a much-branched filament 
called protonema. On this, plants arise as lateral buds. 

The group comprises two classes :—{!) Mosses and 
(2) Liverworts. 


Tte MOSS 


Ty 1 ) 6 — F unaria. 


Gametophyte. 


The plants grow in a colony, in the form of a green 
carpet-like i maiss, on the damp surface of old walls, rocks, 
etc.* specji|ly "during the rainy season, when they are 
<K)hstantly Laupplied with water. Each small plant is 
hili'an inch long. On the erect slender stem, 
pumerdbs small green leaves arranged s|nrally. 
'The iWe; rdots are wantii^. The hairy root-like structures 
arising fro|a.the base of. the stem are known as rhizoids. 
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‘As the sexual organs api.)ear directly on the plant, 
tlie differentiated plant-body is the gametopifyte. This 
.plant is* monoecious. In the midst of a j?‘^ster of 
leaves at the head, there appear several mate orga.n8 or 
antheridia in the form of club-shaped bodies. They are 
accompanied by stalked globular-headed bodies called 



Fig. 206. 

M—Mcsk plant with capsule. A-Antberidium liberating spemi 
rtozoids. P I’araphyBeis. S -Spennatojaoid Within t^ 
mother cell. Sp Swimming spermatozoid. F- Arche- 
gominm with venter,. neck and canal. 

TO 

parphyaes w Mch help the dev jelnnuaent of ^ anther idia \/ 
by the secretion of inoistum^ An antheridium consists 
of a wall which surrounds the central cells, each of 
which alter divisions givps :rise to. several mother ce^. « 


384 


LIFE HlSTOliY 

In each mother cell, called spermatocyte, one antlierozbid 
also called' spermaf^ozoid is formed. When the antheridia 
are mature, they dehisce to liberate the biciliated spernui- 
tozoids T/hich now move d’eely in the rain drops or dew 
tilnjs by means of their cilia. 

c 

In the same way, several archegonia or female organs 
api)ear on stalks amongst a ‘termifial cluster of leaves of a 
lateral branch. An archegonium is a flask-like body with 
a long neck. It consists of t^iree parts. The swollen basal 
region is called venter which contains a naked cell, called 
ovum ; the neck or the projecting part encloses a row of 
central cells w,hich form the canal leading down to the ovum. 
When the ovum is mature, the canal cell-walls become 
disorganised making a continuous mucilaginous path in which 
cane sugar appears as an attractive substance for the 
swimming sperrnatozoids. 

One of the sperrnatozoids, when attracted, plunges down 
into the canal and fertilises the ovum to i)roduce oospore 
as the result. 

Sporophyte 

I 

The oospore divides to form an embryo, the upi)er i)art 
of which enlarges and forms a capsule, while the lower part 
forms a slander stalk or seta which terminates below in 
a more cp less" Well-develot)ed foot. The sporogonium 
repiesdnti||g the sporophyte of the plant, thus, consists of 
‘ eapsnlev sma and foot. It has no separate existence. It 
liiyea:^<^.psmi<p{frasite on the head of the plant from which 
\i Is tojgafhen^ast of the required nutritive food. The seta, 
attached fc‘the plant, is for drawing the food by the h^p of 
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t}iti toot which a(?.t8 as a lum stori mn. The remaining food 
is obtained from the atmosphere, the COa of whicfi is made 
use of by fHie chloroplasts of the capsule^ 

T)ie young capsule has a conical hood call^ calyptra 
which arises from the growing venter of the archegoiiium. 
This is pushed off as the capsule exfiands. There is a lid 
calletl operculum on the top otthe capsule connected by a 



Fig. 207. 

Capsule of Mokh. Op--Operculum. PR—Peristonie. CL-Columella. 
Sp—Spore-producing tissue. AS—Airspace. GC-Bridge-shaped 
cells. CC—Chlorophyll-containing cells. A—Peristome 
(magnified). B —Entire capsule with lid amr*^r1s- 
tome (PR). 0—Capsule with the lid thrown off 
and the spores ejected. 

ring of cells called axmulus. At the mouth of the capsule, 
below the lid, there is a set of teeth which form peristome 
converging from the circumference towards the centre. The 
teeth, being hygroscopic, help in the disiiersal of spores by 
bending inwards and outwards. A nutritive central mass 
26 
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of tissue called columella in the form of a cylinder, runs 
from the middle of the capsule to the ojierculum. Outside this 
m the sporogenous tissueythe cells of which, after direct 
^''^ivisions, [froduce spores. 4 in each cell This is summnded 
by a* complex wall which consists of, besides other cells on the 
l)eriphery, a large iur ‘, 9pace traverse^ by thin filamentous 
strands of cells. The base' of the capsule is solid, while in 



Pig. 208. 

Protonema of Moss. A—Spore 
gen&inatmg. B—Much-bran- 
dhed prptouema. b—Bud. 

; I—Bhizoid. 




Pig. 209. 

Crocs section of Moss stem, 
rh—Bhizoid. Epider¬ 

mis. c—Cortex* og-**oon- 
duoting straiid. 


the uppet portion, the central columella, with the spore- 
produping i^seW, is separated from the wall by the air space. 
. j .WBtile, when ripe, throws off the lid andlhe 

aided by the peristome. On germi- 
^ves rise to a miioh*branched filamen- 
j lulled proto^ema. On this, nk.ny buds appear as 
lateral oi^rowths. Each bud grows out iiito^ new piantr 
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l/^^altemation of generations is shown in the table. 

Stem structure/— TKe”6ul*^^ layer corresponds to 

epidermis from which rhiibids are given io£f. Next to 
this, is the cortex consisting of thin>walled cells, but tlie 
upper few layers thick-walled? In the centre, there 


J 



0 


is the conducting tissue corresponding to the stele of 
higher plants. This consists of several Strands of cells 
which act like xylem and phloem. In some cases, the 
thick-walled strands are surrounded by several thin-walled 
cells. TWs differentiation may correspond to the differen¬ 
tiated xylem and phloem in the higher plants. 
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LIVEBWOBTS 

i j 

') 

TYPE-~MARCHAJ!^TIA 

General characters :— 

f 

Marchantia, a type of Liverworts, is a moisture-loving 

simple bryophyte growing 
always in damp places. It is a 
green flat thaUus branching' 
dichotomously*. The thallus 
is prostrate, complex in struc¬ 
ture and dorsiventral, i. e., 
with two unlike surfaces dorsal 
and ventral. The dorsal or 
upper surface, ^posed to light, 
develops chlorophyll and per¬ 
forms assimilation, but the 
colourless ventral surface lying 
on the substratum sends, out 
scales and rhizoids for fixture 
and absorption. 

Thallus structure 

The rhhRolds and scales 

ariw from the single layer of 
lower epidermis. Above this, 
there are Isev^ii layers of colourless , cdtls, those of 




.JSII.' ” 

“ : , (anp).: 

/' avc^aipulo-;. .V 
i).' Gc**^G©in:- 
oup.^ 
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’whicli nearer the upper surface contain starch grains. 
At places, a few colour¬ 
less cells *are filled with 
mucilage. The up])er 
surface is differentiated 
into ]iir.qe liexag^al 
air-chambers which 
!ire separated from each 
other by partitions of 
colourless cell. From 
the floor of each 
chamber chlorophyll- 
containing cells grow 
uj) in the form of 
filaments. The cluini- 
hor is roofed by a 
single layer of epi- 
tlermis which is piei’ced 

in the middle of each chamber by a large air-pore hound(j»l 
hy several layers of cells. • * * 



Pig. aid. 

Section of Merchantia thallus 
pr — I’lirtition wa II. a—.A i r 

space, cc —Chlorophyll-contain- 
hig colls, yic—Cell with 
rnncilage. Sc—Scale. 


On the upj)er surface of the thallus, small cups, known 
as gemmae cups containing biscuit-shai)ed multicellular 
buds appear. These modified buds, when mature, (ijill off 
and give rise to new' plants vegetatively. Tn many Mosses 
also, gemmae are formed to effect vegetativd multiidication. 


<^metophyte 

The thallus is the gametophyte which is dioecious. The 
male and female sexual organs appear on two different 
individuals. Directly from the thallus leafless branches, 
called gametophores, grow up, each l)earing a disc at the 
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head. The gainetophores are antheiidiophores, as tiiey 
bear antheridia. The discs in these cases are flat and lobed. 
The gaznetophores, bearing archegonia, are arckegonio"' 
phores, thg discs of which fire rayed or star-shaiied. 



A0 



J Fig. 213. 

rodiKctive organs of Merohantia. A—Antheridia 
—Afcl^oiita. an—Antherdiiun. PRO—Periehaetiumi 
')|;?r-PorigyniuBi. AR—Archegonium. 


. The’ deir^lopment of antheridia and archegonia occurs 
hrdadly;:fe .fceTItttTO way as in the Mosses. They differ in 

; * antheridia, developing on the lobed discs, are 

not within I, cluster of Ij^ves, as in Moss, but within large 
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Hagk-$ha][)e(l cavities, one in each cavity, which o|)ens on the 

uiii>er surface by small aperture, called ostiole. 

• • 

(2) The archegonia, devejpping on the back of each ray, 
are enveloped by a membranous outgrowth fr^m the disc, 
called perichaetium. 

(3) Another outgrowth a})i)ears from the base of each 
archegoniuin, called peitgynium. 



Fig. 214. . - • 

Bporogonium of Morohantia, A, B-Sporogonium d©>ielopiug. 
Cap - Capsule. Sp—Sporagenous tissue. El“~Elat«f!i, 

St—l^lk. C—Spores. D—Elater. E—6p<^:. developing. 
Pr—Protoneiua. <M—Germ-disc. Pi^T-EiBgyrium. 


Fertilisation .jQicours as in Moss. The oospore divides 

. i' ' 

itself into upper and lower cells. The lower, ^ cell forms the 
fpot and a short while the upper cell gives rise to 

capsiil^ only. The p^gynium grows fiirther after 
fertilisation and surrounds the capsule as .well as. , the 
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calytra formed by the ? 4 i*(>\vinf 4 venter. The capsule 
is not so complicated as in Moss. Tlio columella, air-space, 
traversinf? strands of cells,- operculum, ]K‘ristorne, etc,, are 
altogether absent. The contents of the capsule ai'e 
differentiated into sixires and long, sjdrally tliickened 
sterile cells, called elaters, whicl) help the dispersal of spores 
by their hygroscopic movements. The dehiscence? of the 
capsule is iiTegular, On germination of the spore, it 
produces a .sraalb and sliort-liyod protonema, wliicli is not 
branched as in Moss. Tiu? [)rotonemr i)roduces a, plate 
of several green colls, called germ-disc -vliicli gives rise to m 
new ]>la.nt. 


PTERIDOPHYTA 

Pteridophytes, also known as vsiscular Cryi)tr»gams, have 

their bodies distinctly dilTerentiated into roots, stems and 

leaves. At tlm time of re))roducti<)n, a special reproductive 

shoot usually arises on v;hich sporopiiylls develo]). Most 

of tlie Pt6t“idophytes hear one kind of spores. They are 

called homosporous. Otliers are heterosparous as tliey 

bear two kinds of spores. Ferns, Equisetum, Lycopodium 

are homo^f)orou8, while Selaginella, Marsilea are 
** ; * 

lieteTOSpor^is. ' When there are two kinds of spores, the 
microspor^ rise to a garnetophyte, called male pro- 
thallus; om which male organs or antlieiidia develop. Tlie 
inictbspoXB) on the other hand, giveys rise to a female 
plrqtlililluf tef on it the female organs or arcHegonia. 
Tbe a^lerti^ion of generations as exhibited by the plants is 
well-deftliel and regular. Here all the stages of the two 
generlbtionti aue well-represented as in Bryei)hyte8. 
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The important })lants of tlii« group are 1) Ferns, 
(2) Eqjiiisetum (3) Selaginella (4) Lycopodium 

FERNS 

General characters 

Ferns usually grow evwTwhere hut are more al)imclanfc 
in cold climates and in hilly places. There are numerous 
kinds of Ferns some of whicji are tree-ferns growing like 
jialms. Some are climbing epij^iytes. Most of titom 
have rhizoinous stems from which many fibrous roots 
grow’. The only visible structures are their large, 
beautiful, compound and pinnate leaves called fronds. 
While young, the leaves are coiled like tlie tail of a 
(log, hence the ptyxis is circinate. There is no lateral 
branching, though buds may arise on the petioles whicli 
arc then branclied. The stems and leaf-petioles are usually 
covered with brown chaffy hairs called ramenta. 

Sporophyte *’ , . 

The plant liody itself is the sporopliyte hearing spores 
of one type. The plant thus is homosjiorous. 

The green leaves are not only assimilatory but may be 
also reproductive as, on the back of tliem are piViduced 
•minute dot-like structures in which spores are formed. 
These structures are called sori (sing.—sorus) and the leaves 
liearing tliem are called spotophylls. Each sorus, w^hen 
carefully examined under the microsooiie, is found to consist 
of a collection of several stalked capsular bodies, called 
sporangia, ’which are usually covered by an umbrella- 
si latied Scale called indusium arising from the leaf on a 
group of cells, called placenta. 
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Each sporangium arises from a single cell of the 
placenta, fts capsule is covered with a single Itjiyer of 



' 1 - 

Fem J»1 *b 4{ rhizome with leaves, a—Young leaf lowing 

efjpGifwelpst'yxis. b-Leaf showiag its back surface with spores.’ 
Leif kho^iM front surface with no spores. B-^Ijeaflet 

ipdusiupa. D-**One 

‘‘J\] bursting and liberating spoius. 

cells ; an| at its m&rg\n can be j^istitiguisbed a specialised 
row of ti^kened cells jformiiig an incomplete inng which is 
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known as annulus. Within the capsule, there are many 
mother cells each of which contains four sporas. When 
rit)e, the sporangium burst^i, due to the contraction of the 
annulus and the mature spores are set free. A spore has 
two coats,—the outer is called eicospore and the inner, 
the endospore. 

f 

0 ‘ 

Gametophyte. 

On germination of the spcsre on moist soil, the 
exospore bursts and tlie endospore protrudes to form 



Fig. 216. 

ProtliaUua <jf Fern. A—Spore germinating and producing green 
cells and rhizoids. B—Developing filament. 0—ProthaRus 
with ehizoids (rh) and sexual organs. 

a short green filanient. This goes on developing and 
soon it assumes the shape, of a flat* heart^^shaped body, 
called ^rothallus. This, is hited to the soil by a, number of 
unicelluliw’ hairs oalled rjuzoids growing froiu the under¬ 
surface. Having ehloroplasts and rhizoids for the ahso^)- 
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tion of footi from air and soil respocfcively, the profcliallus 
•leads an ^independent life luivin^* no connection with tlie 
Fern plant the spovophytf. This prothallns is the 
gametophyte of the plant, as its function is to Ijear the 
^ 4 anletes on it. On the under surface of the prothallus 



Fig. 217. 

A—Authta'idiuin liberating sperniatowids. B—Archogo- 
.niupi./ p—Kinbryo of fern, a—Primary Rtem 
Vith leaves, b — Prlinltry root, C — Ftxjt. 

two typesslof reproductive or/^ans a])pear. The female 
2 * 

orgai^l or archegonia are flask-spaiJed and can 
befouiu^npar the notch of the prothallus ; while the male 
Teproductife organs or antheridia are globular and can Ire 
found amcmg the rhizoids. 
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An antheridiuin has the same structure.as in Moss. 
TJ)e s^iermatozoids liere are multiciliated. ffhey oa 
inovin#; in water by ineai^ of cilia. Each archegoniurn 
consists of (a) venter, the basal swollen portion containinj^, 
ovum or the female cell, (b) necl^ and (c) canal belonging 
to the neck and venter. When the ovum is mature, the neck 
breaks open and the ctifial is*filled with mucilage containing 
malic acid whicli attracts the moving s|)erinatozoids. 



(kaphic reprosentation of the life-history of Fern.. 


Wlien the spermatozoids are thus attracted, one of them* 
makes its way into the canal of one archegonium to reach 
the ovum which is then fertilised. The result is the 
oospore, which after divisions, forms the embryo of the 
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plant. The einbryo, after development gives rise to a young 
' Fern plant. A temporary absorbing organ called foot is 
found to develop in order to abr orb nourishment from the 
prothallus for the embryo. 

The alternation of generations is ver>’ clear and regular. 
The plant itself is the sporophyte while the prothallus is 
the gametophyte. As the siwres a*e of one type, the 
gametophyte has only one form. Both the sporophyte and 
gametophyte are separate ‘•and independent as if they are 
two different plants. They represent the two generations 
of the life cycle of the plant. 

The above table shows how the alternation occurs in 
the life-history. 


Apospory and Apogamy 


It is sometimes‘’observed , in Ferns, that the method of 
reproduction adopted by the plants is not regular, Thus in 
some cases, without the formation of reproductive organs, 
the prothalljs gives rise to a new plant. This condition 
is known as apogamy. Again, there are cases where the 
prothallus is directly formed on the leaf without the 

i _ 

intervention; of sporan^a and spores. This is known as 
apospory. Plants also multiply vegetatively by the 

adventitious^ buds developed on the leaf-base. 

I > ’ - 

* ’ 

EQUISETUM 


' .TMis p Is \k native of marshy places in cold climates 
and can ^ Ibund in the Himalayas. Specimens have also 
l)eext tount^ near Calcutta. The stem is a much-branched 
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, m. 219 


BqtMWtuin. A-^i^aome. a-Tul?er. h-Leaf sheath, o—Ad- 
*'^®*^®* B-~AeHAl shoot. C—Peafetle shoot. 
E'-Sporophyll. P**-Sporophyll 

bandfl. H ppur elaters of a dispersed spore. 
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rhixoiiie with distinct nodes und iiiternodes. At every node 
there is a whorl ol scaly loaves which are united to forni 
a sheath round the stem. In tlie axil of the sheath, 
hjunches arise*^ in whorls. Adventitious roots are given otT 
from the nodes of tlie rhizome. Erect aerial s«oots grow' ui) 
from the rhizome and they are of two kinds. Borne are 
inuch-branched green, vegetative shoots, while others are 
unbranched reproductive slioots known as tlie cones or 
spikes of the plant. The leaves develop in the same 
w'ay as in the rhizome. 

Each sijike is terminated by a collection of densely 
crowded sporophylls, which arise in different w’horls 
forming a cone-like mass. Each sporophyll is stalked, 
peltate ‘and disc-like to the underside of w'hich several 
sporangia are attached, all turned to the axis of the shoot. 
The sporangia contain numerous spores of one kind 
only. The last whorl of abortive leaves, just helow' the cone, 
forms the annulus. When the spores are mature, the outer 
wall splits up into four iiygroscopic hands, called elaters, 
W'hich coil spirally round the spore. They help the disper¬ 
sion of the spores. 

Gametophyte 

The gerpiinate to produce prothalli of two 

kinds. , Some of ihe spores produce prothalli on which 
antheridia.ire developed. Others produce prothalli on which 
archegonia|at6^formed. Thus, the prothalli are dioecious. 
It hasV'l^n observed, however, that in some cases, the 
same prQtl|allus that bears antheridia as one time produces 
archegomia later in season. Compared with those of the Fern 
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the prothalli are irregular in forms. The male prothalli are 
smaller in si^se than the female ones. The ^ntheridia 
with si)erinatozoid8, and arcjegonia with their female 
gametes agree closely in structure and development with 
the corresponding organs in the Ferns. 

The alternation of generations occurs in the same way 
as in Ferns. The plant * also ftiultiplies vegetatively by the 
formation of tubers at the nodes of underground rhizomes. 

m 

SELAGINELLA 

Sporophyte 

• 

. (a) Vegetative shoot. The plant itself is the 

sporophyte. It usually grows in forest regions or in hot 
houses. It is common in many gardens. Its stem is 
slender, creeping and clothed with many small leaves in four 
rows. The leaves, in two rows, on the upper surface, are 
smaller than those in the other two rows on the two sides 
of the stem. The branches are rdally lateral though they 
look to be dichotomous. From the base of the branehes 
root-like orgaps called rhizophores develop. • Though they 
have no root-cap, these colourless and leafless bodies grow 
down to the soil but they resemble s^ms |n their internal 
structui^e. There is a ligule near the*-base'of each leaf. 

(b) Reproductive shoot or spike of Selaginella. 

Some of the branches grow erect and form the reproduc¬ 
tive shoots. They differ from other branches in this that 
their spirally arranged leaves are aU similar in size bearing 
sporangia at the axils. These are called the spikes or 
cones of the plant. Ai the axil of each leaf one sporen* 



402 


LIFE HISTORY 


f 

gium develops from an outgrowtii of a little group of cells. 
Though the leaves or si)oroi>hylls are of tlie same type the 
sporangia are of two kinds bearing two kinds of spores. The 
microspor&ngium contains many small spores called 

microspores while the macrosporangium contains only 
four big spores called macrospores. Thus the plant is 



Fig. ‘220 

Solaginclla. A-*The creeping stem with leavcN arraiiiged in four 
ro^s and with erect Bpikea. B—A portion of a spike magnified. 

. mi—Microsporangium, ma—Macrosporangium. 

heterosiKjrous. Both the two.kinds of sporangia occur on the 
same., spike though in the axils of different sporophylls. 
Thf mi<iroBi)orangmm, when ripe, bursts open and the 
tnicrospol'eS’ come out. When they fall on moist soil 

i'i * ti % 

tbery gefminate. This microsporangium and its spores 
resemhle| doSely the antlier and pollen grains of Angios- 
perms r^siiectively both in structure and mode of origin. 
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Gametophyte 

When the microspore j^eriiunates, it is divided pnequally 
into two cells. The small cell remains undivided and forms 
the prothallus cell. This inactive cell represents the 
male prothallus. The other big cell undergoes several 
divisions resulting the formation of several mother cells 



A —Microspore germinating, mp—Male prothalh^. iipf-Sperma- 
tozoid mother cells. B—Archegonium. ov — ovum. C—Female 
prothallus with developing embryo (Em), fp—Female 
prothallus. Ar—Archegonium. rh—Rhizoids. 


called spermatocytes walled by severar other cells on the 
outside. Each mother ceil gives rise to a single biciliated 
spermatozoid. 

The macrospore begins to germinate when it is 
within the sporangium and is shed from it when the 
germination has advanced. By the process of free cell- 
formation a tissue is formed in the spore. This is the 
female, prothallus. The cells of it, in the lower region,, 
becoming larger and filled with food materials,form second- 
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ary protl^allus. The prothallus gives rise to several Hask- 
shaped s^rchegonia at its top. Each archegonium has a 
swollen basal portion called yenter, a neck, and a canal. 
The venter contains a single naked cell, the ovum. 

Now the macrosporangium bursts and the sixjre comes 
out to fall on the ground. The spore ruptures at its apex due 
to the growth of the prothailus 'Mrhich protrudes, slightly^ 



t • 


Fig. 222. 


Sdlaginella embryo, a—Stem, b “-Leaves, c—Root, 
d—Suspensor. e—Foot. 


becomes ^reen and produces a few rhizoids. The archegonia 
are thus ebcposed. 

The spermatozoids, liberated from their mother C6lls^ 
move *ab'c^t by" means of their cilia. Attracted by the 
mi|^ilag[e m the canal of the archegonium, the spermatozoid 
fertili^^a «ie«ovu|ji and forms an oospore. 

. ocptpore ^vides and produces an embryo as well as 
a'eUBpttnlor. The suspensor consists of a row of cells 
meant fo| pushing embryo downwards so that the latter. 
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coming in close contact with the secondary prothallus, with¬ 
draws food through the help of its foot. 

Selagidella comes nearer to Phanerogams than do any 
other Cryptogams in reproduAiion and general course of 
development. , It thus forms a connecting link between the 
Cryptogams and the flowering plants. * 

The akemation of generations is regular and is shown 
in the following table :— 


SPO/WF^U 


fAi/MOsPo/NiMa/m 

mcposm£ 


1 


mhCPOSpopAAfGtvm. 

moRckpoBi 


MJue-pporMAiwseiu AemMP '^othauus 
ANTHFRimM ARCRFGOR/t/M, 


iSPfRmrozo/R 



ovim 


fSf. 


Fig. 228. 

Graphic repreBentation of Sclaginella life-history. 


t^eopodlum 

Lycopodium or club moss agrees mostly with Selaginella, but it 
diSere mainly from the latter in being hOIllO^>OFOU$ like Ferns. 
It grows abundantly in the hills. Some speoimens also oocctr in the 
Sunderbanst The small crowded leaves are arranged spiralbr on the 
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creeping stem which branches dlchotomously or raoemosdy. ‘ The 
adventitious roots always branch dichotomoualy. 

A sectidu of the stem shows that within the opidSPRliS (there is the 
COrtGX, the ^upper layers of w^iehare SClSPODChynifttOUS. The 
endodormis is well-dedned within which is a pOPicyciS of several 



, Fig. 224. 

t , 

Lyeopodium. A—Plant with cones. B—Sporangium.. 

C—Spore. D—Section of the stem. 

* h 

layers. In the central vascular cylinder there are several plates of 

xylem a^epnatlng with the masses of phloem elements while 
the rei^ of|;th6 cylinder is occupied by parenchyma. 

At the #nds of Irect shoots forming COnes, the sporophylls are 
'aggregatei|. Upon the inner surface of the sporophylls the sporangia 
are plao6d ^singly as kidney-shaped capsules. The ripe sporangia 
liberate tetrahedral spores. 
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The prothallium is of several types occurring in different species. 
In some, it is an erect cylindrical body terminating in a crewn of green 
leafy lobes «n which the organs appear. In other sp<jcies, it is a 
saprophytic undePgrround body| which may grow below the bark 
of decaying branches. The Srametophyte iS mondeclOUS. The 
organs develop in the same way as those of Selaginolla. 


^Exercise 1 

’1. Explain fully the difference between Algae and Fungi. Give 
('xamplesof each.—C. U. 1932, 1922, 1913. • 

2. Compare the vegetative and reproductive structure of any Alga 
with that of any Fungus known to you.—C. U. 1911. ' 

3. Describe the structure and life-history of Spirogyra.—(C. U. 
1929, 192G, 1920), Vaucheria (1914), Mucor (1931, 1927, 1010), Yeast 
(1930, 1923, 1914). 

4. How dtxjs Yeast or Mucor differ from a higher plant as 
regards stnicture, general mo<le of life and reproduction. 

• —C. U. 1927, lOio 

.* 1 . What is Yeast ? Some yeast cells are put into a solution of 
sugar and kept in a warm place. Describe the changes that may Uike 
place in (a)yeast, (b) in the solution.—C.,U. 1920. 

Hint (a) Yeast cells multiply by budding (b^ sokifjon will be 
changed into alcohol and CO 2 will evolve. 

6. Describe the life history Mf. EenL . expl a i n •the_a iteinaaition..ol 
gene rations in the c ase, olFjern.—C. U. 19.33, 1^2, 1930. 1928, 1925, 
Ifi'i 1921. 1920, 1919, 1912. 

/ *yA_i.. # 

7. Describe the sporangifurouS spike of an Equisetum. Give a 
neat sketch.—C. U. 1933, 1931. 

8. Explain alternation of generations as illustrated in the life 
history of Moss plant.-(C. U. 1928, 1927, 1924, 1928, 1917, 1914.) 

Or, Selaginella—(C. U. 1926). 

9. What is sporangium ? Write short note on the occurrence of 
sporangia in a Pern or a Moss.—C. U. 1919. 

10. Compare the reproductive cycle of a Moss with that of a Fern. 
-C. U. 1925, 



CHAPTER 11 

PHAinBBOOAHS 

r 

The plant-body of PhatierogairiR possesses two kinds f>f 
spores, each of which gives rise to V. separate gametophyte, 
though greatly reduced, one bearing male and the other 
female gametes. The sffores, from which male gametophytes 
are developed are called microspores, while those from 
which female gametoi>hytes are develo[ied are macrospores 
or megaspores. The plant-body of any flowering idant, is 
thus the sporophy'te on whicli the microspores are the 
pollen grains and the macrospore is the embryo sac. 

In the flowering plants and most Pteridophy*tes, special 
shocts grow ui> f5r the purpose of hearing reproductive 
asexual cells or spores. These si)ores are borne on siiecial 
leaves called sporophylls. In the flowering plants, the 
special s^of)t is the flower, while the micro-sporophylls 
are the stamens for bearing microspores, and carpels 
or macrosporophylls are for l^earing macrospores. The 
sac-like body, developed on the sporophyll to bear spores 
in it, * is. the . sporangium. The anther containing 
mioros})ores is the microsporangium, while the ovule 
is the mi^cptispotangium, as it contains the embryo-sac 
or macfoaiore. 

Iti ibUl flowering plants the macrospores germinate 
alws^.^^^hin theJIr sporangia. This results in the formation 
of iseads In them. This important iieculiarity of the 
Phanerogfims distinguishes them from all Cryptogams. We 
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have notioeB that in all Pteridophytes (excepting Selaginella) 
the macrospores germinate outside their sporangia. It is 
for this rdason that there is no chance of seed-fornAation in 
in those plants. 


ANGIOSPERM 

# * 

Microspore and Male gamete. 

In the young anther whidh is« four-cornered in its 
transverse section, several cells next to epidermis divide at 
each of the comers. The inner cells, produced by this 
division, become differentiated and form an important layer, 



Fig. 226 . 

Anther dehiscing and liberating the pollen grains. 

archesporium, so called because pollen gi'ains or micros¬ 
pores arise from it. The cells, just outside this layer form, 
after divisions,a surrounding layer called tapietuiii to sut>ply 
food to the developing pollen grains. The arohesporium 
undergoes several divisions . to prodpoe isolated rotind cells 
called polleti-mpther cells, each of which divides by free. 
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cell-formation four pollen grains. The walls of the mother 
cells being' dissolved, the cavity of each sac is tilled with 
free polleil grains. When the anther is mature, the wall of 
each sac consists of two ^ or three spirally thickened 
fibrous layers, besides the epidermis. At the place of 
separation of the two sacs in the same lobe of anther, the 
hygroscopic fibrous layers are ^replaced by tliin-walled cells 
where dehiscence of the anther takfes place by the contrac¬ 
tion of the layers and the rupture of the wall. 

I 

Since the development of tlie pollen grain, as a single 
cell, many changes take place within it till it contains two 
sexual cells ready for fertilisation. At first, the single 
nucleus of the cell divides itself unequally into two. Tlie 



' . Fig. 22G. 

Developing pollen grain. A—A grain with a vegetative cell and 
jtwogenerative celle. B. C—Grains producing pollen tube. 
D-fThe tip of the pollen tube. VN—Vegetative 
, * ‘nucleus, g.l, g.2—Two generative cells. 

• ' ^ 

bigger njucjieus called vegetative nucleus, is the nucleus of 
the main ^ell of the spore called vegetative cell. Bound 
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the small nucleus protoplasm condenses and forms a naked 
cell. Tlys nucleus, af^ain, is divided into two, round which, 
as the result of condensation of protoplasm, two naked 
cells, called generative cells, are formed. The formation 
of two generative cells may occur before, or, in some cases 
after, the transference* of the grain to the mature stigma. 
The generative cells or ^nale gametes lie embedded in the 
proto])lasm of the vegetative cell. 

Macrospore and Female gamete. 

\Ve know that nucellus is the main body of the ovule.. 
The nucellus consists of many parenchymatous cells, one of 
’which in the middle becomes well-develoi)ed, differentiated 
and slightly curved. This develo])ed cell is known as 



Pig. 227. . 

Developing embryo-sac. A—With a single nuclpus. B—With two. 
nuclei—one at the micropylar end and the other at the 
chalazal end. C—Two nuclei at each end. D—Four 
nuclei at each end. £—Fgg-apparatus at the 
micropyle, antipodal cells at the other end 
and secondary nucleus in the middle. 

embryo-sac or macrospore. To begin with, it is a mere* 
cell containing protoplasm, vacuole and a single nucleus. 
As gi'owth goes on, the nucleus starts with its karyokinetic 


412 


liTFE HISTORY 


division. Two nuclei are formed—one goes to the micropylar 
•end and the other to the clialazal end. Two more divisions 
of the nuclei occur at each end where four are formed. At 
this stage, oije from ^ each eifl travels towards the pentre 
and the two meet forming the secondly nucleus of the 
•embryo-sac. Thus three nuclei remain at each end. Round 
the three at the chalazal end, protoplasm collects and cell- 
walls are secreted. Thus, three wrallell cells are formed there, 
known as the antipodal cells. Bound the three at the 
micropylar end, protoplasm 'simply condenses, so three 
naked cells are formed. The group of these three cells is 
known as egg-apparatus. Of these, tw^o are smaller and 
are placed side by side above the third cell wdiich l)ecomes 
bigger and forms the female gamete or egg cell or ovum or ‘ 
oosphere. The smaller cells are knowm as help cells or 
synergidae. Thus, when the embryo-sac is ready for fertili- 
■sation it is filled with the above cells. 

Fertilisation 

When lihe mature i)ollen grain is carried to the surface of 
the stigma, the changes of the grain continue even after its 
iiransference. As the result of these changes, the wall of 
the grain becomes elongated forming a poUen-tube within 
whidh the! vegetative nucleus and then the ''sexual cells 
•enter. Thb nucleus becomes disorganised soon after its 

' I * 

^entrance. '!The" sexual cells make their way in the tube 
during tba course of its prolongation. By the greedy 
a>bsor^dn|of sugary secretion of the stigma the pollen- 
.t^be paisei throt^ the cells of the stigma and the style, 
4t^d u!tim8|tely reaches the ovule. It then enters the ovule 
.through tpe micitopyle and comes upon the nucellus. It 
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oores tnrougn the niicellus by secreting a kind of ferment 

f 

and meets the embryo-sac. The tube now bursts at its- 

• • 

tip and the gametes come |>ut. Here the leading male 
gamete is guided by the help cells to meet the*ovum. The 
male cell unites with the female eeU and fertilises it.. 
(See fig. 102, page 145).’ . 

The second male g%meteunites, in most cases,, with 
the secondary nucleus of the embryo-sac. This process is* 
known as double fertilisaticm. The direct result of this 
union is the formation of endosperm-nucleus which after 
repeated divisions and aggregation of protoplasm round the 
divided nuclei results in the formation of a tissue known 
as endosperm. This becomes laden with food for the use 
of the embryo during its development. 

Formation of embryo 

When fertilisation is over, the help-cells and the three, 
antipodal cells vanish leaving, the (iospore to develop.. The 
oospore at first divides into two cells—uppen»and jbwer. In 
consequence of repeated transverse divisions of the upper 
cell, a chain of cells called suspensor is formed. The lower 
cell forms a mass of eight cells called octantti by means^ of 
three divisions which are at right angles to one another,. 
The eight superficial cells cut off from the octants form 
the dermatogen of the embryo. The inner eight cells 
divide to form the plerome and the periblem. The last 
cell of the suspensor also takes a part in the formai;ion of 
embryo. It forms the root-cap and root-tip of the embryo 
which ^adually becomes differentiated into; plumule, 
radicle and cotyledons. , * 
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In Dicot embryo, between tiie two lateral protul>erauces 
representing the two cotyledons, lies the growing point oi 
the {ilumule. JSo the plumule is terminal and tlie 
cotyledon^ are lateral, feut in Monocots, there is a 
■single cotyledon which becomes termirihl. The plumule 
is lateral. The suspensor, here,' may be lilamentous or 
jmassive. • 



, Fig. *228. 

% 

Development of oospore. A -- Oospore divided into two cells. 

B—Siispeusor formed. C—Suspensor and octants. 

D-rOctants dividing. E—Embryo with two lobes as 

* cptyledons, plumule between the lobes and radicle 
* at the other end of the pltm;iule. 1, 2, 3—Deve- 
^ loping stages of monocot embryo. 

' ‘ % 

the development of embryo it absorbs 'the whole 
<$f; the; grounding tissue,. nucellus. If the development 
is still 1 incomplete, it absorbs endos|)erm. When the 
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absori>tion ol endosperm is complete, the seed, formed from 
the embryo, is exalbuminous. But when a ‘portion of 
endosi-ierni persists after the development of embryo, the 
seed formed is albuminous. ^When the embryo develops 
into a seed with" the partial absorption of nuoellus, the 
[)ortion of the nucellus renrjaining forms another nutritive 
tissue called perisperm. ThQ perispermic seeds are found 
in shaluk, kola, etc. (consult the morphology of seed, 
page 170). 


Alternation of generations 

In tracing the alternation of generations of the plant. 
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Fig. 229. 

Graj^h’ie representation of the lifo-history of Angiosperm. 
the body itself is found to be the sporophyte-, as on it two 
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different types of spores develop. The microspores germinate 
on the maoro-sporophyll i. e., the stigma, a part of the 
carpela The gainetophyte on the male side is greatly reduced 
to a generative cell whil£ on the female side it is 
im|)erfect. Though the two kinds of sexual cells are 
distinct, the gametophytes on which they arise are much 
reduced or suppressed. , 

V. 

The three cells of the egg-apparatus are regarded as three 
reduced archegonia of which, the synergidae have become 
abortive. The three antipodal cells correspond to the cells 
of rudimentary female prothallus while the endosperm tissue, 
formed after ^ fertilisation, represents the secondary 
prothallus. On the male side, the cells of the grain 
correspond to all what are noticed in the stages of the male 
prothallus and the antheridium of Pteridophytes as Ferns. 

The altematioi} of generations, as exhibited by the plants, 
is shown in the above table. 

GYMNOSPERM 

* c 

Gymnosperms form an intermediate group between the 
Angiospetrns and vascular Cryptogams^ In many respects 
they resemble the Atigiosperms. They agree with them in 
the general hi^ological structures, in the aggregation of 
the essenjtiaji organs to form dowers and lastly in the 
productioi|f ^ of seeds as the result of fertilisation. They 
differ m^ly h:om the Angiosperms in their absence of 
ovary, 8 t 3 ^e f.nd stigma. Hence, the ovules formed remain. 

'^ese naked’Seeded plants are divided into three 
groups of i which the most important one is that of the 
Conifers ^ palled because their aggregated ffoWers form. 
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cones. Plants belonging to this group are Pines, Firs, 

Cedars, Junipers, etc., most of which grow in the Himalayas. 

• • 

Care Bhuuld be taken that the etymon roadside Jhau plants, the 
branches of which, when gently svmyed by the wind, gPi^e ont a sound 
like that of the sen on a beach, is not a Gymnosperm but an 
.^ngiosperm. 


Type— P'iNE • 


Morphology 

. This grows as a large tree in the hilly x^l^ces. The 
plant bears two kinds of branches and leaves. The ordinary 
branches, growing indefinitely, are larger in forms. The 
only leaves borne on these branches are ^nall scale-leaves. 
There are numerous other branches which are very small 
and limited in growth. They are called dwarf shoots. 
Tlie leaves, develoi)ed on them,-are green and acicular. 
At the base of those shoots scale leaves vap^ftr. The 
shoots arise from the axils of scale leaves of ordinary 
branches but no branches arise froiu the axils of green 
leaves. 

Flowers are all unisexual. The calyx and corolla ai^ 
totally wanting in them. The stamens and' carpels only re¬ 
present male and female fiowers. Many stamens, aggregated 
together spirally on an axis, form the male inflorescence 
called spike developed at the base of the shoot of the 
present year. Similarly, many carpels form separate female 
infiorescence in the form of a cone situated at the apex of 
anotlier shoot at the axil of scale leaves (monoecious). 

27 
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A single male flower is a mere scale which bears only 

I 

two sessile pollen-sacs forming the anther on its under- 

•’ t 

surface. The anther, when^ mature, bursts to discharge 
many minute, light and dry ijollen grains, each having two 


wing-like expansions on its two sides. The grains are 

I 

produced so abundantly, that during this time the plant 



Fig. 230. 

* » 

Pine. A—Bheot B-” Male flowers. C-Female flowers. D—Stamed 
E—BoU^n grain. H—A scale of female cone. K—Ovuli- 
i fcSroUs scale with two ovules at the base. 

* 'i 

seepis toibe oovered by a mist. These grains are adaptive 
for wipdfpotiinai^on. Thus the male flowers of Pines differ 
liiise of Angiosperms in having the stamens not 
dxffereiit|ated into filament and anther and in having the 
anther tl^o instead of four pollen-sacs. 
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Each female flower, borne on the cone, consists of two 
scales, oq^ larger than the other. The large one, called 
ovuliferous scale, develops ^n the upper su^ace of the 
other small bract-scale. The large scale bears two ovules 
at the base on its upper surface. Thq bract-scale is regarded 
as the carpel which is not • differentiated into ovary, style 
and stigma. The larg<^ scale is taken as the placenta 
<iQveloped on the carpel. After the fertilisation of the 
ovules, cone grows and gradu&lly seaches maturity. In 
order to liberate the seeds, the scales of the cone separate 
from one another. 

Sporophyte :— 

As in Angiosperm, the plant-body is the sporophyte 
which bears two kinds of spores—pollen g^ain and embryo- 
sac cell. The wind-pollinated pollen grains are deposited 
directly on the nucellus. Thus, the pollination is direct. 
It does not take place through the intervention of style and 
stigma. Each ovule or macrosporangium thas* % single 
integument which surrounds the nucellus leaving the 
micropyle at the top. A large cell called embryo-sac cell 
is developed at the base of the nucellus. 

Gametophyte 

There being two kinds of spores, two forms of 
gametophyte are found to develop—one from the microspore 
and the other from the maorospore. 

The changes in the unicellular pollen grain continue 
for.two years after its transference to the surface of the 
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nucellns. , As the result of the changes, several cells are 
formed in the grain of which two, at first cut o^' on one 
side, are called prothallus fells. These represent the 
male gametophyte, the equivalent of which is not so 
distinct in the Angiosperrn. The remaining antheridial cell 



Pig. 231. 

Developing pollen grain of Pine. A, B, C and D—Successive 
^stages of.-^^velopment. PC “ Prothallus cell. ac.-An- 
therj,dia| .’cell, b-Ballon-like expansions of the 
grain. Go-Generative cell, vc— Vegetative 
. cell. Sc—Stalk-cell, be - Body-cell. 

divides i^nequally into a small generative cell and a large 
vegetatwe jcell. In the second year, the generative cell 
dividing into two, forms a sterile stalk-cell and a dividing 
body-cell. This body-cell entering the pollen-tube soon 
gives rise to,two male gametes only one of which is useful 
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in trhe act (!lf fertilisation. The pollen-tube is very short a^ it 
is to bore its way only through the several* cells of 
nucellus k> reach the ovum when the gamete passes from 
the tube and fuses with the ovt%n. , 

The nucleus of the embryo-sac cell divides repeatedly and 



Fig. 232. 

Ovule of Pine. Pt—Pollen tube, nu—Nucellus. ov—Ovule. 
ar—Archogonim. en—-EndoapoMn. 

thus, by free cell-formation a parenchymatous tissue, 
called endosperm, is formed inside the sac. This forms 
the female gametophyte or prothallus. At its 
micropylar end, two or three groups of cells become 
differentiated. They are known as archegonia or female 
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organs. Each archegonium consists of a swollen portion 
called venter and a short neck. The venter contains a 
big naked cell called ovum or oosphere. One of the 
generative ^ells, coming out f f the pollen-tube, fertilises the 
ovum and forms oospore as the result. 

Formation of embryo 

After several divisions of the ' oospore, four tiers, each 
consisting of four nuclei, are formed in the endosperm or 
prothallus. The lower ^hree tiers, secreting cell-w^alls round 
each of the nuclei, form rosette, suspensor and embryo 
tiers in succession. Each of the four cells of the suspensor 



Fig. 233. Fig. 234. 

A, B—Development of Pine embryo. Rt—Roeette tier. Bt—Sus- 
'pefiRor tier. ♦Et—Embryo tier. S—Suspensor. c—Embryo. 

Fig. 234.—Pine seed. 

J ^ 

tier eloi^ates, and thus, four suspensors are formed, 
while ioiir terminal cells of the embryo tier give rise to 
enibryos of which only one develops and the 
<)th6r ^h|ee die off. The developed embryo consists of a 
nttmberfof cotyledons besides plumule and radicle. 
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•There i« no endosperm formed after fertilisation. 

The endosperm, formed before fertilisation, is nqt only the 
female yrothallus but also a nutritive tissue,—the food 
materials of which are suppled to the embryo during its 
development. 
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Fig. 235. 

Graphic representation of the life history of Pine. 


The alternations of generations is shown in the abpv© 
table. 
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CYCADS 


Cycad*’ another Gymno8i>erni, sometimes cultivated in 
Indian gardans is valued in ^hina and Japan as its large 
pith yields a king of sago. Some s])ecies grow in Chittagong, 
Malay and Andaman Islands. 



Fig. ‘23G. 

Cycad (CyoHs revoluta). A—Plant: B—Carpel, o—Ovule. l--leaflet. 
C —SiSimten.- D'—Germinating pollen grain. m—Ciliated 

spormato 2 !oid. -E—Pbveloping scud. P—Pollen chamber. 
a^ArehegOnium. o~ Endosperm. n~Nueellua. 


• * 

Cycas • revoluta, a Cycad, is cylindrical, unbranched, 
pahn-iike |ree, bearing a terminal rosette of pinnate leaves 
which sh(|w circiiihte ptyxis like Fern leaves. There are two 
kipds of lefaves in alternating zones on the stem. The 
small haii^ scale leaves protect the large green foliage leaves. 
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Tlie lower Varti of the stem is marked with the scars of 
fallen leaves. As in Leguminous plants, CyCad obtains 
nitrogen* of the air through the help of certaiA Bacteria 
which form tubercles on its roit. • 

Tlie plant is dioecious and the flowers developed at the 
head are achlamydeous and in the* forms of cones. The 
scales of the male cone, ‘arranged spirally on the axis and 
corresponding to the single anthers of Dicot flowers, bear, on 

the under surface, many scattered pollen sacs or microspo- 

• 

rangia arranged in clusters called S^bri like those of Ferns. 
The plant, thus, shows many fern-like characters. In each 
sorus. there are usually 3 to 6 sjKjrangia. The carpels or 
macro-sjorophylls, arising in clusters at the 'head, alternate 
with the foliage leaves. Each carpel is a pinnate leaf of 
which the lower leaflets are replaced by several large ovules. 

The structures and development of pollen grains and 
ovules are mucli the same as in Pine, Tl?e following points 
of ditterence are siiecially notieeable. 

(a) The two male gametes are moving cells called 
spermatozoids. They are provided with ^maji.;^' cilia or 
whip-like bodies which help their movement. 

(b) Each ovule has a stony middle layer in its fleshy 
integument. 

(c) In the tip of the nucellus,a d 0 pression,called pollen- 
chamber, lying close to the head of endosperm or female 
prothallus, develops. 

(d) The endosperm with the archegonia, formed at its 
apex, is contained within a wall. 

(e) The pollen-tube bursts in front of the endosperm 
after penetrating only the nucellus, when the moving sper¬ 
matozoids make their way to the archegonia. 
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^ Exercise 11 

1. What do you understand by 'alternation of generations’ ? Does 
this phenomenon occur amofig flowering plants ? 

2. Describe the processes which lead to the conversion of an ovule 
into a seed, and state what is the (liffereif:;e between albuminous and 
exalbuminous seeds.—C. U. 1927. 1918, 1910. 

.3. Describe the formt^ion of the seed in a coniferous plant. — 
C. U. 1923. 


4. Describe the life history of a fern, indicating briefly how it 
differs from that of a phanerogamous plant.—G. U. 1928. 

6. In what'respects does a f^ern differ from dicotyledon? — 
C. U. 1912. 

6. Describe the sporophyll of any fern you have studied. In what 

respects do these differ from the stamens or carpels of the flowering 
plants ? ^ 

7. Show, as concisely as possible, by reference to the morphological 
characters of a fllamentous alga, a n^oss, a fern and a dicotyledonous 
plant, that you can observe in the vegetable kingdom, a gradual ascent 
in the complexity of structure.—C. U. 1926. 
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CLASSIFICATION OF PLANTS 

■ 

t 

The object of classification :— 

' We see that there are many different forms of plants 

• 

varying from microscopic unicellfilar organism to multi¬ 
cellular big trees, and the plants on the earth have different 
gradations of morphological and histological structures. 
Notwithst^ding these ^nations, striking resemblances 
exist in the organs of some plants though there are differ¬ 
ences in those of others. Botanists try to trace the close 
relationship between plants which are allied in their forms 
and structures and then to arrange them into separate 
groups, while they distinguish between those plants which 
are quite dissimilar. The main .object of classification is 
to arrange plants according to their reigembl^nces and 
differences in floral and vegetative characters and also to 
take notice of the affinities existing between the different 
groups of plants. 

System of classification 

There are two chief systems of classification :—(l) Arti¬ 
ficial and (2) Natural. 

Artificial system is founded on characters taken from 
certain parts of plants only without reference to others. It 
is purely an arbitrary method of classification which only 
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enables us to ascertain readily the name of a particular plant 
without helping us in any way to find out its geneological 
connectioii among the plants. The plants, here, are grouped 
according to c. small number^of their characteristics. The 
system, thus, insists much upon their differences hut little 
upon their resemblancefe. Thus, acoording to this system 

f 

am, kool, dhutra, apan^u karq^ha, kalmi, hatisur, saijoon 
are all placed side by side in one group (Pentandria 
Monogynia), simply because ^each of these plants has five 
stamens and one style. Similarly, dhaniya, juan are 
ranged by the side of anantamul because each of them 
has five stamens and two styles. 

The grouping of plants in .this system is * similar to ^ 
the arrangement of books in a library according to their 
different colours but not according to their subject matter. 
Owing to the defective arrangement the librarian finds 
himself in a fix if lie has to find out several books of the 
same subject. 

Among the several authors of this system Linnaeus 
was a proij’inenjii figure. On account of his great service, 
this is known as Linnean system. His classification was 
mainly based arbitrarily on the number and the mode of 
insertion of stamens and. .carpels. As his system did not 
satisfy *»/he object of classification it soon lost many 
supporters. 

Natural system takes into account all parts of plants 

and involves the idea of affinity in essential organs. It 
• ^ 

heli.)S us in ;arranging plants acoording to their relationships 
and in detejcting tl^ position of jdants in the system by 
short diagnostic marks. In doing so, a few essential charac¬ 
ters are selected in accordance with natural affiinities. 
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Essential characters for classification :— 

The grouping of plants depends upon some constant 
characters peculiar to them .or to the groujfs to which 
they belong. Only those characters are useful for classi¬ 
fication which are le’s^ liable to modifications. The 
characters of the reprq^iuctive organs are less liable to 
variations than those of vegetative organs. Of the 
vegetative characters, the venation,^ phyllotaxis and forms 
of leaves are usually taken into account. The reliable 
reproductive characters are—numerical strength of the 
floral members, cohesion, adhesion, symmetry, insertion 

^ j 

•of floral leaves on thalam&s, placentation and structure of 
ovules. 


Variety, species, genus, order, etc. * 

Species is a group of plants which resemble each 

other more closely than they do *any other plant so that 

* # 

they are considered as originating from a common parent. 
The seeds of these plants produce always similar individuals. 

Species, thus, is a group of plants which resemble one 
another in aU importaht characters of their vegetative 
and reproductive organs. 

The characters which may vary, even in the same 
species, ought to depend on causes exterior to the plant 
and not in the plant itself. For example, its size, consistence 
and certain modifications of form and colour which we see 
change with the sun, climate and other infiuences are 
purely circumstantial. The species, with the varying 
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characters, may form one or several Varieties. * Varieties 
are, thus; the different types of one species which 
owe their origin to soil, heat, light, mobtilre and 
other conditions and haCe a constant tendency to 
revert to the original species from which they have 
come into existence. Thus, mangoes, roses, paddies, 

cottons, etc. have a large number of varieties. All 

* 

mango plants found anywhere on the earth form one 
species. But there are different types of mango plants 
producing fruits which^differ in size, colour, taste, flavour, 
etc. They are the different varieties of the same species 
of mango. Similarly, there are different varieties of dfmn, 
goni, golap, etc.* 

Several species are more nearly allied than others, 
and are conveniently grouped together to form a distinct 
genus. Genus, thus, is an assemblage of nearly related 
species agreeing *with one another more closely in 
their important reproductive characters than they do 
with other species. Th§ characters of a genus are taken 
more fromethe cgrgans of reproduction than from other parts 
of plants. We know, all sasha plants are of one species. 
Phuti, patal, makal plants agree generally in their 
vegetative and reproductive, characters but do not belong 
to on&- species as their seeds do not produce similar 
individuals. Though sasha and phuti x^lants differ in their 
vegetative structures, they resemble one another in the 

■ A 

general st^oture and appearance of their reproductive 
organs ; so |theke t^o species belong to one group or genus. 

^^^inakal plants, belonging to two different 
species, are In pne genus, as their reproductive organs agree 
in certain points., viz, in both, the petals are segmented at 
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their margins. Sasha and phuti have their petals with 
entire margins and are placed in one genus. But*tliey form 
two distinct species owing to differences in the Characters 
of fruits. Similarly patal anft makal form tjwo separate 
species as they differ mainly' in resi)eGt of leaves, bracts 
and fruits. . •» 


Thus :— 



Sasha or Cuoumis sativus.is under the genus cucumis. 

** 

Phuti or Cucumis Melo is also under the genus cucumis 



Patal or Trichosanthes dioica is under the genus 

T richosanthes. 

Makal or Trichosantties palmata is also under the 

« genus Trichosanthes. 


A genus may contain a single specMSS ’fistead of a number 

of them, when the solitary specie, constituting a genus, is 

characterised by marked pectlliarities of the reproductive 

organs. * 

^ • * * 

As each geipjs includes allied species, so several genera, 

agreeing mom in general character, though differing in 
their special conformation, are grouped together to form 
a Notural Order. Natural Orders, thus, are groups of 
aUied genera. Bo, when shasa and shim plants are 
compared, they differ widely regarding their vegetative and 
reproductive characters. But, when shim plants are com¬ 
pared with chhola plants, they agree in their general struc¬ 
tures of flowers, fruits and seeds though they differ in 
minute details both in respect of vegetative and floral 
etruotures. 
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Natural Orders, having some important 'structural 
characters In common, are united together in groups, called 
Sub-classfes which are again grouped into Classes. The 
Classes form Sub-divisioiii which are placed under 

Divisions. 

The following table* shows the* different groups in 
respect of a particular plant, viz., matar, according to tlie 
system of Benthain and Hooker :— 

Division—Phaiierogamia.f 
Sub-division — Angiospermia. 

Class—Di cotyledon. 

Sub-class—Calyciflorae. 

N. Order—Leguminosae. 

Oeuus—Pisum. 

Species—Sativum. 

Varieties— matar, 
deshi 

Bentham and Hooker’s classification— 

We ht^e s^en that the plant kingdom is grouped into 
two divisions :—(1) Phanerogamia and (2) Cryptogamia. 

Phanerogams produce flowers and seeds. The seeds are 
many-celled bodies containing embryo by which the plants 
are reploduced. The seed-bearing habit is the most 
important character which distinguishes them from Crypto¬ 
gams. The unicellular spores, produced by the latter are 
their means^of reproduction. 

The Plianerogams are divided into two groups :—(1) 

Angiofl^eriHB and (2) Gymnosperms. The former have 

4 \ 

their seeds auways covered by fruits while the latter have 
no fruits ; so tjheir seeds remain naked. 


The name of the plant thus 
is Pisum sativum {matar) ■ 
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Angiosp^rms are further divided into two chief classes, 
(1) Dicots and (2) Monocots. We have noticed in 
Morphology how the two classes differ. Let us coml^are them 
and have the important morphfllllogical points of difference. 

Dicot. Monocot. 

1. Embryo has two cotyledons. 1. EnibPyo has a single coty¬ 
ledon. 

'2. Primary rOOt persists ^ and 2. Primary rOOt does not persist 
develops into a tap root. and the roots are usually 

Stems have both axillary and < adventitious, 
terminal buds ; so they are 8. Stems have only terminal 
much branched. buds in most cases hence they 

4. Leaves are reticulate*veined are usually unhranched. 

and may have stipules at their 4. Leaves arermostly parallel- 
* base : leaves are numerous and veined. Stipules are absent ; 

usually small in size. ^ leaves are large in size with 

5. Flowers are rarely trimer- sheathing base and few in 

ous, and are usually penta- number.^ 

mcrouB. 6. Flowers are usually trimer- 

_ ^ 

Dicots are grouped into four sub-classes ^ 

(1) Thalamiflorae in which the flowers- are complete, 
hypogynous ; the sepals and petals are usually free. 

(2) Calyciflorae in which the flowers may be complete 
or incomplete, hypogynous, epigynous or perigynous ; the 
sepals are not free but petals are usually free. 

(3) Gamopetalae in which the flowers are usually 
complete, bisexual, hypogynous or sometimes epigynous ; 
corolla is gamopetalous ; the stamens are epipetalous, usually 
not more than five ; the carpels are usually two in 
number and syncarpous. 

28 
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(4) Incompletae in which flowers may be«< monochla- 
mydeous or aohlatnydeous, unisexual or bisexual. 

Ir ^ 

Monocots are also divided i^to three sub-classes :— 

(1) Petaloideae in which the perianth is petaloid. 

(2) Spadiciflorae in which th6 flowers are in spadix. 

(3) Glumiferae in whfch tlte perianth is absent or 
scaly, and there are glumes or modified bracts. 

Nomenclature— * 

In naming a plant scientifically we generally use two 
words (binomial nomenclature). The first word represents 
the genus to which the plant belongs. This is the generic 
name of the plant. The last word for the si^ecific name 
means the species to which the particular plant belongs. 
Thus, oryza sativa is the scientific name for dhan, in which 
oryza is the generic name and sativa is the name of the 
si)ecies. The name is never complete unless the two words 
are thus added togeth6r. Similarly, hanger chliaia is 
named Agari(Ais campestris and so on. 

Floral formula :— 

Fey representing the nuchber of leaves, relative position, 
insertion, etc.', of flowers in writing a floral formula, wo 
usually use symbols or abbreviations. Thus, the following 
^symbol's ajre u^ed against^their names :— 

Calyx fK ; Corolla *0 ; Androecium = A ; Gynaeciuni== 
G ; P;i^ia|th = P Cohesion = ( ); Adhesion « ^ ; Superior 
OvaryInferior ovary=G; number indefinite =*« ; 
absent m^Jjers ** 0 ; members in two whorls = +. 
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Thus, fot example, in order to represent a flower having 

four free sepals in two whorls, four free petals in one whorl, 
six free stamens of which two in one whoi'l and* four in 
another whorl, two united carftels and superioy ovary, we 
are to use the symbols in the formula in this way :— 

K2 + 2 C4 A2 + 4 G U ). 

A 


Floral Diagram 

* 

Diagrams are used in order to represent the arrangement 
and relation of the floral members in the different whorls. 
In these, the plan for the different positions occupied by the 
members is shown. Gynaeciujm occupies, usually, the central 
position. This is surrounded by stamens, then by petals 
and last by sepals. So, sepals occupy the external position. 
The superior and inferior positions of ovary can not be 
represented in diagrams. 


The system of Bentham and Hooker compared 
with that of Engler. 

^In these days, prominence is given to two natural 
systems,—one of Bentham and Hookdt and the other of 
Engler. The former is in use in British Dominions 'while 
the latter is largely followed in all other countries. 

Engler has classiffed:'Dicots into only twp sub-classes # 
viz., (1) Archichlamydeae which corresponds to 
Thalamifforae, Calyoiflorae and Incompletae of Bentham 
and Hoo);»r (2) Matachlamydeae or Sympetalae corres¬ 
ponding to Hooker’s Gamopetalae. 
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Both the two sub-classes are divided into Of'ders wTiich 
almost coirespond to Cohorts of Bentham and Hooker. Each 
Order coiisists of Familie s corresponding to Natural Orders 
in Hooker’ll system. 

All Monooots are grouped by Engler into four sub-classes, 
viz., (1) Glumiflorae (2) Spathiflorae ( 3 ) Liliflorae 
(corresponding to Petaloideafi) ( 4 ) Microsperniae. 


DICOTYLEDONS 

The system of classification, as devised by Bentham and 
Hooker, is shown in the following table. 

Dieots 

Thalamiflorae consists of the following important Natural 
Orders :—(1) IMagnoliaceae « (2) Anonaceae (3) Banunculaoeae 

(4) Nymfhdace%e (5) Papaveracoae (6) Gruciferae (7) Cappari- 
daceae (8) Malvaceae (9) Sterculiaceae (10) Tiliaceae (11) Bhamnaceae 
(12) Vltaceae (13) Sapindaccao (14) Anacardiaceae (15) Butaceae. 

CalyeiflOPae consists of the following important Natural Orders 
(1) L^mihosae (2) Bosacead (3) Myrtaceao (4) Umbelliferae 

(5) Cucurhitaceae. 

Gamopatalae consists of the following important Natural Orders 
(1) Bubiaoeae (2) Compositae (3) Apocynaceae (4) Asclopiadaceae 
(5) Solana^ae (6) Gonvolvulaceae (7) Yerbenaceao (8) Acan- 
thaoeae Scrophulariaceae (10) Boraginaceae (11) Labiatae. 

.IaOlil04i^etae consists of the following important Natural 
Orders : -/b Nyctaginaceae (2) Amarantaceae (3) Polygonaceae 
(4) Urtica^ae (5) Euphorbiaceae. 
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Class—DICOTYLEDON 
Sub-class—Tl^alamiflorae 
N. O.—Magnoliaceae 

Coniiiion plants of the ‘family :— 

(1) Champa (MiclieHa Ohampaca), ( 2 ) Dulichampa ( 3 ) 
Magnolia grandiflora . 

Plants—trees or shrubs. 



A—~Chpmpa flower. B—Same showing many free 
stamens and carpels. 

Leaves—simple, alternate, pinnately reticulate in 
venation. Stipules may be present, when present, they are 
large and enclose the leaf-buds but fall off when the 
leaves expand. 
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Flowers—Complete, hermaphrodite, regular, hypogynous. 

Sepals— 3 , free, in one whorl. Petals—6 or more, 3 in 
each whorl,^all free. Stamps—many, all free. Carpels— 
many, all free and arranged spirally on a convex thalamus. 
Fruits—Aggregate . of many follicles. Seeds—with 

f 

albumen which is not ruminated or marked by wavy lines. 
Floral formula—Pa + « 

N. O.—Anonaceae 

I 

Plants of the family :—( 1 ) Kantali cfiampa, ( 2 ) Debdaru^ 
( 3 ) Ata (Anona squamosa), ( 4 ) Nona or bullock’s heart. 
Plants—trees or shrubs, some are scramblers. 



.f * Pig. 238. 

a—Branch, b—Floral shoot, c—Flower 
% d—Stamena and carpels. 

Leavas-^Simple, arranged in two ranks on lateral 
branches, Jx-stipulate. 
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Flowers—Complete, bisexual, regular, hypogynous. 

Perianth members valvate and of 3 or more whorls ; three in 

• . 

each whorl, outer whorls are s^aloid and the inner whorls 
petaloid,—all free and spirally placed. Stamens—many, 
free, arranged spirally. Carpels—many and free. Ovary— 
superior with 1 ovule in each. 

Fruits—Aggregate ofrfserriefe. Seeds are ruminated. 

. This family is very closely allied to Magnoliaceae but 
differs mainly in having the albumen^ of seeds ruminated. 

Kantali champa is a scrambler climbing by means of 
curved hooks (see tig. 42 ). Ata is a small tree. The carpels 
of the plant become united during development and form 
succulent fruits. 

Floral formula—P3 + 3 + 3 A‘*«G 


N. O.—Ranunculaceae 

Examples.—(1) Chhagalbati (Naravelia zeylanica), (2) Kaldjira. 
Plants are usually herbs. Leaves—Simplp, compound or miich 
divided, radical or cauline, usually alternate, ex~stipulate, though the 
sheathing petioles look like stipules. Flowers—complete, sLo-wy, re- 

0 

gular, sometimes irregular. Sepals—5, free, imbricate. Petals—5, free, 
sometimes absent. Plants eon be readily recognised, as in the above two 
families, by their numevous hypogynous stamens and*th6ir apocarpoue 
pistil. Ovaries—superior, with one or many ovules in 'each ovary. 
Fruits—a number of achenes. 

In Kalajiraf the 5 carpels are not free. Seeds are used as spici^. 
Chhagalbati is a. climber.. Its seeds are dispersed by wind. 

Floral formula—K® Cs A«»«6"«. • 
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N. O.—Nymphaeaceae. 

(JomiTvon i)lants -(1) Padvia (2) Shaluk. 

Plants—fierbs, aquatic in#ial)it. 

Stems Rhizome which semis clown long adventitious 
roots into the soft mud/ Ijejivos and flowers all rise from 
this underground stem. “ 

Loaves—Simple, large, entire, p‘eltate and floating with 
long petioles full of air chambers. The upper surface Is 


I 



Fig. 239. 

“'BfMlook, A—Thalamus. B—Ovary aeciioii. 

) •* 

% 

waxy, so wtjen water falls on the surface, it runs off. Ptyxis 
is iiivolute.'^aiihides, present in the leayes and other organs, 
protect the plants from the attacks of snails, slugs, etc. 
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, Flowers—Floating, coloured red, white or blue, solitary, 
complete, hermaphrodite, large and showy. * They are 
acyclic. Gradual transition occurs from sepals to petals and 
from i)etal8 to stamens. Sftimens and carj^ls are many, 
tree and spirally placed on the fleshy thalamus. Ovary— 
superior. Seeds have both endosperm and peri8i)erm. 

In Sh-aluk, tlie leases aije cordate in shape and serrate 
in their margin. Leaves and flowers float just on the surface 
of water. Sepals are four apd green. Many carpels are 
united into a multilocular ovary over which radiating 
stigmas are placed. Fruits—spongy berries with many seeds. 

In Padma, tlie leaf-stalks are prickly. The free carpels 
. lie embedded singly in the cavities on the surface of a broad 
fleshy thalamus situated prominently in the centre of the 
flower. They form globular fruitlets aggregated together. 

Propagation—Plants multiply by means of buds of 
rhizomes. Seeds are dispersed by water client. In Padma, 
the spongy thalamus helps the dispersion. 

t 

N. O.—Papaveraceae.« 

Examples :—(1) Shml (Argemone mexioana),—(2) Poppy. 

Plants are annual herbs with latex. Leaves simple, alternate, 
exstipulate, pinnatoly lobed ; spinous in Sealkanta. Flowers—solitary, 
highly coloured, complete, regular, hypogynous. SepSls—2, free, 
caducous. Petals—4, free, in two whorls. Stamens—many, free. 
Carpels—2 to many, united. Ovary—unilocular with parietal placentas 
on which many ovules develop. Fruit—capsule,.dehiscing by pores 
and containing many albuminous oily seeds. 

Uses The opium is derived from the milky juice of the unripe 
fruit of Poppy plants. The seeds of the capsule (posto) are nutritious. 
The oil obtained from Sheal kanta seeds has medicinal properties. 

Floral formula K 2 C. A» G (2 - »). 



442 


CLASSIFICATION 



F*ig. 240. 

Poppy, a^Leafy shoot, b—Flower bud. c—Ovary, d—Fruit, 
e, f—Jjongitudinal and transverse sections of ovary, 
g—Seed, h—Floral diagram. 

N. O.—Cruciferae 

Common plants :—(l) Sarisha (Brassica Napus), (2) 
Shwet San.s^,"(3) Mula (Baphanus sativus), (4) Kopi or 
cauliflower aihd cabbage (5) Shalgum or turnip, (6) Olhopi. 

Chief chirpers :—Herbs with simple, alternate and 
exstipulate, llaTes. flowers are regular and bisexual with 
4 p^iaift arranged crosswise. Stamens—six and tetradyna* 
mous. Ovar|r—superior and formed of two carpels. Fruit 
—siliqua. 
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Type—Sans/ta. 

Plarft—It is an annual herb with pungent* juiee- It 
flowers in winter. The s(it and round sjem branches 
racemosely. 

Leaves are different in the differfent regions of the plant* 

I 

The lower leaves are Jarger^ stalked and lyrate- but thes 



Fig. 241. 

A —Sharisha plant with stem, leaves and flowers. B*«Frait. 

upper leaves are smaller, sessile and lanceolate in. shape.. 
The leaves are ail simple, alternate, and exstipulate. 
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Flowers—The yellow flowers arranged in racemes are 

hypogynous', dimerous and ebracteatc. Sepals— 4, free and 
» * 
in two whorls, two in each whorl. Petals—four, free, in one 

whorl and in ttie form of a crofe (cruciform) from which the 

name of the family is derived. Stamens— 6 , free, of wliich 

4 are longer than the other two (tetradynamous). The four 

stamens in two pairs are in or^ whojid, while the other two, 

in another whorl, alternate with the pairs. There is honey 

at the base of short stamens. ^Carpels—two, united to form 

C) 

a syncarpous, superior ovary. Stigma—round and capitate 
on a short style. The ovary is'at first unilocular, witli two 
parietal placentas but gradually it becomes bilocular when 
the placentas meet to form a false^ replum. 

Fruit—simple, dry, and a siliqua. When it dehisces, it 
splits from the base into two valves, while the numerous 
seeds remain -attached to the persistent replum. Seeds 
contain latty oil which serves as a food for the young 
seedling. A thin layer of endosiDerm being present, the seeds 
are not ex-albuminous. « 

Pollinatiofi i% effected by the insects allured by the 
colouration of flowers and the presence of honey. Flowers 
are protogynous, so stigma matures before the stamens. The 
V shorter stamens ripen'first, and insects carry their pollen, 
but wherf the latter fail to visit the flowers, the stamens 
elongate to reach the level of the stigma which is then 
lK)llinatecl- 

Floral fopnufa :—Ka+ a C 4 A 4 + a G ( 2 ) 

Other piax^s 6£ the family. 

Mida is irnother annual herb possessing swollen edible 
roots. Flowers are white. Caulificmer has all the 
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parts of tile inflorescence highly fleshy. In the same way, 
the leaves of Banda-kopi are more or less fleshy and nutri¬ 
tious. .They are used as vegetables. ’ , 

Uses :—Some plants havg seeds which yield oil, others 
have seeds used as spices.. Many of them are used as 
vegetables owing to the fact that^in different plants some 
portions swell out by .cultivation. .Most of the plants 
grow in winter. j " 



Fig. 242. , 

A—Hurhurhc plant. B—Flower. C—Floral diagram. 

N. O.—Capparidaceae.^ 

Examples : — (1) Siiada Hurhnrhe, (2) Halde Hwhurhe^ (3^ 
Barun (4) Kantagur-kamai. 

Plants—Herbs, sometimes climbing. Loaves —simple or palmately 
compound, alternate and stipulate. Flowers—in racemes or corymbs,, 
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complete, hfpogynotis, usually irregular. Sepals—4, usually free and 
*in one whorl. Petals—4, free, in one whorl. Stamens -4 or 6 , all 
free and of e^jual length. Carpels— 2 , united. Ovary—superior, 
usually seated on a gynophore ; unilocular with 2 parietal*placentas 
arising on the j^eplum. Fruits—sfme as in Cruoiferae to which this 
Family is closely related. 

It difiers mainly from Uie plants of Cruciferae, in possessing 
stamens which are not .tetradynamous acid in having no cruciform 
corolla. «■ 

Floral formula K 4 C 4 A« <G (2) 

N. O.—Malvaceae. 

Common plants—(l) Jahh (Hibiscus Bosa-sinensis) 
( 2 ) Kapas (Gossypium herbaceurn), (3) Shimul (Bombax 
malabaricum), (4) StJialpadma, •^(5) Dhanras, (6) Berela . 
{7) Petari (8) Mestapat or Madras hemp. 

Chief characters—Herbs, shrubs or trees often with 
mucilage. Leaves—stipulate and palmate. Flowers— 

showy, regular, hypogynous and pentamerous, mostly with 
epioalyx. Stamens—monadelplious. Ovary—syncarpous 

and multilocular. « 

f * . 

Type— Kapas or cotton plant. 

There are several varieties of cotton cultivated in* 
India. Plant is a bushy perennial shrub with erect 
«branched stem. Branches are racemose but sometimes 
sympodial. Leaves—simple, alternate and with free lateral 
stipules foun^ s^opoially in the young leaves. The venation 
is palmately-ptioulate. Leaves are also palmatipartite and 
segmented iniQ 5 or 7 lobes. 

FloWera ||kre yellow coloured, large, complete and 
inracj^eatBi three large serrated bracts, forming an 
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«picalyx telow the flowers protect them when they are 


in the buds. The bracts persist even after the. formation * 



of fruits. Cqjlyx is cup¬ 
like and gamosepalous 
consisting of 5 teeth- 
^ like sepals. The five 
petals are all free but 
slightly united at the 
base with the stamens. 

) The aestivation of the 
petals is twisted. There 
are numerous stamens— 
the filarnents of which 
are all united to form 
a hollow tube through 
which the long style 
pas'*es. From the upper 
region of the tube, many 


Fig. 243. 

Kapas plant with flower and fruit. 


short branches arise, 
each terminating in a 
renifoiin anA unilocular 


anther. The five free stigmas are at .the end of the 

mmm 

firtiyie. The ovary is superior and 5-celled with axile 
placentation. 

Fruit is simple, dry and a capsule—dehiscing into 3 
to 5 valves which liberate many fibrous se^s. These fibres 
called cotton help the disiiersion of seeds* by wind to a 

great distance. The seeds contain an oil which id nourishing 

* 

to the cattle. 

Pollination is effected by insects which are attracted 
by the coloured petals or by the pollen grains, most of which 
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are for the food of the pollinating insects. FJowers are 
protandrons ; when cross-pollination fails, self-pollination 
takes i)laQp by the curling b'ack of the stigmatic liie«'<3s to 
receive the mature grains placed below. 

Floral formula—K( 5 ) Cs A<^) G( 5- •<) 

Some other plants'of the Family :— 



Fig. 244. 

A—Longitudinal section of jaha flower. B—Kidney¬ 
shaped anther of jaba. 

1. Jabd —Leaves are ovate in 8hai)e and serrate in 
margins. Bracts are 5 to 10 in number. Sepals are united 
to a gamos^palous ^ calyx. Anther—kidney-shaped. The 
ovary is pehialocular. The seeds are not hairy. 
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2. Simul —This is a tree bearing compound leaves. The 
large red flowers attract many birds which polliriiate them. 
Epicalyx is absent. Stamens, for&ing separate groups above, 
appear to be polyadelphous but ^Sally they are mdhadelphous. 

Uses :—Different varieties of Kapas are economically 
important, as calico is manufactured from the hairs of the 

s 

seeds. The stems of thj plant yield a good fibre. The 
seeds are used as fodder. Given to tnilch cows, it increases 
the flow of milk. Seeds also contain an oil. The fibres 
of the seeds of Shimul are important for stuffing cotton and 
soft packing woods. The bast fibres of Mestapat are strong 
enough to make hemp. The plants like Berela, Bonokra 

9 

are medicinal. The fruits oif^hanras are used for vegetable 
curries. Sthalpadma is an important garden plant 
cultivated for showy flowers. 

N. O.—Sterculiaceae. * 

Examples (1) ULat Kambal (Abroma augusta) (2) 
Moochkunda (3) Simdri (4) Jangli badam. 


m 



Fig. 245. 

I 

A —Floral diagram of Malvaooae. B—Floral diagram of Sterculiaceae. 

This is very closely allied to Malvaceae and Tiliaoeae. 

29 
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Plants—Trees, shrubs or herbs. Leaven—simple,, 
alternate, stipulate, palmately veined. Flowers—complete, 
regular, Jhypogynous, soii^gstimes unisexual. rSepals— 
5, united, valvate. Petals-ir5, free or attached to the 
stamens, sometimes absent. • Stamens—monadelphous or 

sometimes free, anthert^ are two-celled. Carpels—2 to 5, 

% 

united or free. Ovary—superior, 2^6 chambered with many 
ovules. Fruits—fleshy or dr^^ whick may dehisce. 

Floral formula— KCs) Cr, A('*«) G ja “ 5) 

N. O.—Tiliacene. 

<• 

Examples :—(1) Pat (Corchorus eapsularis), (2) Hwha- 
ksha, (3) PhaUa. „ 



—Flower, c ■ Ovary. <1 - Friut. e—Fruit 
. delps^ing. f—Seed, g—Floral diagram, h - Anther. 
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This is* also very closely related to Malvaceae and 
Sterculiaceae. This order along with Sterculiaceae differ 
from Mafvaceae mainly in posAessing two-celled “anthers. 

Plants—trees or shrubs with the inner bark fibrous. 
Leaves, sepals and petals agree with those of Malv^meae. 
Iniiurescence—cymose. .Stamens—many, free or polyadel¬ 
phous, inserted on a disc, anthers are two-celled. ^Jarpels 
and fruits are like those o*f Sterculiaceae. 

Uses :—The tough fibres of the bark C)f pat are used to 
make gunny bags. * 

N. O.—Rhkmnaceae. 

Common plants :—(1) Kul (2) SheahuL 
, Gonural eharaoters—Plants ar» thorny stragglers, licaves are simple 
with spinous stipules, Flowers - small and in cymes. They are 
regular, unisexual, bist^xual or polygamous. Sepals on a disc arc 



Fig. 247. 

Kul. a—Leaf, b—Flower, c—Longitudinal 
section of fiowee. d—Floral diagram. 

united. Petals—five, spoon-shaped. Stamens—five and opposite to 
the etals. Ovary—3-or 4-oelled and nearly inferior. Fruit —drupe. 
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N. O.—Ampelideae or Vitaceae. 

Examples';— (1) Harjorha (2) kngur or vine, (3) Goale lata. 

Plants are usually climbers, climbing by means of tendfils which 
are modified branches, though plao|i^ on the opposite sides of leaves. 
Stems—jointed, sometimes angular. with sympodial branches 
(see page 50). Leaves—alternate, stipulate, simple or 3 to many 



' t 

Fig. 248. 


Angur A—Shoot. B—Flower showing 5 stamens and 
' ovary. C—Flower showing the expanding petals. ‘ 

foliate palmately compound. Inflorescence—cymose. Flowers— 
'"minute, greenish, complete, sometimes unisexual, hypogynous. Sepals 
—4 or 5, minute* united. Petals—4 or 5, cohering at their apices ; they 
are thrown oil as^a cap by the expanding stamens which are 4 or 5, 
all free, int^iorse. Carpels-2, united. Ovary—superior, 2 to 6 

chambered, sei^tied on a prominent disc. Ovules—2 in each chamber. 
Fruit—l^rry T^th albunlinous seeds. 

tJsas -WeWe raisit, grapes to this family. 

Floral forufila—K(t) C& Ab G (2) 
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N. O.—Sapindaceae. 

I 

Exampies :—LicJum (Nephelium Litchi), (2) Anspitcd, (3) liitha 
(4) Shibjhul. ^ 

Plants are usually trees or shrubs, sometimes climbing by tendrils. 
Leaves usually pinnately or palmately compound, alternate, 
exstipulate. There are terminal and axillary panicles of many small, 
polygamous, regular or irregular flowers. Sepals 4 to 5, ^ free or 



/) 


Fig. ‘249. 

Lichoo. A—Floral diagram. B—Flower. 



united, inferior. Petals-4 or 5, but in LicJioo*they are absent. 
Stamens—5 to 10, all free. Carpels--2 to 3, united. Ovary— 
trilocular, superior, inserted on an oblique disc. Fruit—dry or 
fleshy with usually an arillated seed., 


N. O. -Anacardiaceae. 

Common plants—(1) Am or mango (Magnifera indica), 
(2) Amrah, (3) Hijlibadam, (4) JiuU. 

General characters ;—Plants are trees or shrubs • with 
acid or resinous juice. Leaves—simple or compound, 
exstipulate. The small flowers arise in panicles. They 
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are unisexual, bisexual or polygamous, regular.*' The disc 
is ring-Iflce. The sepals,,petals and stamens are all 4 to 6. 
Carpels—two and united. Ovary—superior, *one-celled 
containing Anly one oviile. I!^uit— a drupe. 



Fig. 250. 

Am (Mango), A—Flower. B—Fruit. C—Section of the fruit. 

%> 

N. O.—Rutaceae. 

Comn^on plants—(1) Kamla nebu, (2) (3) Batabi- 

nehut \^\Qpira nebu, (6) Bel, (6) Katk-hel, (7) Kamini 

( 8 ) U$h~^habra.. ; 

ohaHteters :—The plants are usually trees or 
shrubs. ^ ^gives usually oompoupd. In different kinds of 
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Nebu, the leaves are articulated between the blade and 
the winged petiole indicating that they are of unifoliate 
<5oriipound tyjie. Leaves and other organs have glands 
with ethereal oil,—easily seen'* when held up%igainst light. 
Flowers are complete, regular and hypogynous. Sepals— 
4 or 5, united, Petals—^4 or 5, free *and valvate. Staiiiens 



Pig. 251. 

Batabinebu. a—Leaf, b'-^Flower bud. b*—Flower, 
c—Androecium. d—Ovary, e—Longitudinal * 
section of ovary, f—Floral diagram. 

0 

—4 to many, free or polyadelphous. Therp is a distinct 
disc on which the ovary is placed. Style and ''stigma are 
simple. Fruit may be drupe, berry, besperidium or capsule. 
Seeds are very few in each chamber. 

Floral formula—K(4—5) C4-5 A«*« G(^) 
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N. O.—Leguminosae. 

*• 

% 

Chiefs characters—Herbs, shrubs or trees. •'Loaves— 
usually compound (sinipl| in Atushi), alternate and 
stipulate. Flowers—zygoiiiorphic or regular. Sepals—5. 
Petals—5. Stamens—tpn or many, free or combined. Carpel 
—one, ovary superior, one chambered. Fruit—legume or 
lomentum, * * 

This is one of the largest families. This is divided into 
three sub-orders—(a)t* Pay)ilionaceae (b) Gaesalpinieae 
(c) Minioseae. The sub-orders agree closely in their sepals, 
carpels and leaves differing only in respect of petals and 
stamens. 

ft' 

(a) Sub-order—Papilionaceae. 

Common plants—All pulses as (1) Matar or pea 
(Pisum sativum) **(2) Chliola or gram (3) Arahar (4) Masur 
(5) Hcmmiboo(j (6) Mash kalai etc. ; (7) Barbat? (B) Shim 
(9) Chmer badam (10) Shankaloo (11) Bah (12) Aparajiia 
(13) Palasjili) Kooch (l5) Nil (16) Shola (17) Palte-madar 
(1B) Si&hu (1§) Atushi. 

« 

Tyi)e —Matar or pea. 

ThS plant is an annual herb and creeper. The leaves, 
are compound, pinnate, imimripinnate and alternate. The 
upper leaflets are modified into branched tendrils which help 
the planL in catching hold of supports. At the base of 
the petiolfa there is a large foliaceous stipule which also 
I)erfamis ihe functions of leaves (see flg. 64). Towards the 
' end of th^ day lea&ets fold in iiairs and show sleep move- 
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merits. < Roots are with tubercles in which certain 
Bacteria grow syuibiotically (see page 314)' 

Flowers are in simple racemes. They ajse complete, 
irregular, zygomorjihic and perigynous. ^The calyx is 
gamosepalous and bilabiate. • The corolla is papilionaceous. 

Tlie largest of the 6 jietals called, standard encloses two 

« 

side-petals called wingsr which again enclose the remaining 


v 



Fig. 252. 

Matar Flower. A—Flower. B -Petals. C—StameoH. D—Carpel. 

tw’o called keel or carina. The aestivation is thus vexillary. 
The keel again encloses the 10 stamens, 9 filaments of 
which are united into one bundle and one remains free r 
the anthers are all free (diadelphous). The ovary of the 
single carpel is elongated and with marginal placentation. 
The style is short and the stigma is brush-like. The 
ovules are on the ventral suture. 
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The fruit 5w simple and dry, a legume or ])od. * It burst s 
through both the sutures to liberate the seeds. The 
©xalbuminous seeds havo two ln.ri?pi fleahv. ‘hvnogeal 
cotyledons. * 

Pollination is effected by insects which try to get 
at the honey present ’within the tube of the filaments and 
in their attempts they are to press down the keel when the 
style protrudes and touches the body of tlie insects. If an 
insect comes after tho visit of another flower where its 
hairy body was covered ^itb pollen it is sure to pollinate 
the stigma. • 

Some other plants of the sub-order :— Musur chmia or 
JaTifilimatpr. has all the leaves^, converted into tendrils. 
AparajUa is a twiner. The stamens liero are monadel- 
phous or diadelphous, sometimes free. The plants of Bak , 
\\ Palash, Maclar and Sishoo are all tred^ in which th 
It tendrils 
* within the 


are abseiS i. 
soil due 


flowers of Chiner-hadam grow 
to the twisting jd their elongated 


peduncles. The fruits also grow and ripen beneath the 
soil. ^Jiai^kaloo has edible tub erous r oots. 

Floral formula—K(5) C5 A(9 )+*Tg1^ 


(b) Sub-order—Caesalpinieae. 

Common plants • —(1) Kalkasunda (Cassia sophera) 
(2) Krishna churn (3) Hadha churn (4) Asoka (6) Kanchan 
'(6) Tentnl (7) 

i 

* u 

^ Tyi)©— Kalkasunda. 

« 

The pladt .is a usmall bushy shrub. It is a common 
weed of Bdbgal. Leaves are paripinnate and glands are 
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in the place of stipules. There are stipels at the base of 
the leaflets. 

Flowers appearing in racemes are not so * irregular as 
the papilionaceous flowers. iPetals are imlsrioate in bud. 
The innermost petal is inside the lateral ones. Stamens 
are 10, all free. Some are perfect,* while others are sterile. 

Carpel—same as in pea. 

«• * 

Some other plants of the sub-order ;—Most of the 
plants agree with those of pfl,pilionaceous plants. The main 


B 


Fig. 263. 

Kalkasunda A- Floral shoot. B—Flower. 

points of difference lie in the structures of d)rolla and 
cohesion of stamens. 

r 

Tentul is a big tree with three freq petals (the other 
two reduced to scales) and three perfect st&,men6 in the 
flower. The fruits are constricted^ legumes full of’ acid 
pulp. In Kanchan, the two leaf-lets are ^ usually joined 
together to form one leaf. In some species of Kanchan 
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(Bauhinia diphylla), the two leaf-lets are separ^ce. Asoke 
has its i)etS(ls absent but the calyx is 4-lobed and petaloid ; 
bracteoles. are coloured and persistent. Eadhadhura or 
Bara krishnachura or gold faohar tree generally planted 



Pig. 264. 

• • Tentul. A—Shoot B—Fruit. 

on the road$ide produces in the month of April many large 
red flowers wfcich ar^ pollinated by birds. 

Floral lorinula—KCs) C 5 Aio 
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(c) Sub-order—Mimoseae. 


Comi^on plants—(1) Babla (Acacia arabica) (2),Lajjabati 
(Mimosa pudica) (3) Sirish (4) Khair. 


Type— Babla. 

% 

The plant is a prickly tree with tannin in the bark. 
Leaves are bipinnate. "Rie stipules are modified into thorns. 
Stems exude gum which has commercial value. 

Flowers are very small 'and’' clustered recemosely. 
Within the cup of the calyx fopr or five yellow petals arise. 



Fig. 266. , 

Floral diagrams. A—Papilionaoeae. B—Caesalpinieae 
C—Mimoseae. D—Flower of Babla. 


which are valvate in. bud. The stamens •are numerous 
and free. The fruit is a constricted lomentum which 
dehisces transversely. 

« 

SdUfe other phAts :—Lajjabaii leaves are so sensitive 
that on the slightest contact the leafiets droop.. Sepals and 
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petals are four. Sirish is a roadside tree b'eariy^ bluish 
flowers. The stamens are monadelphous. 

Floral formnla KCs) C 5 , 

The foliovdng" table shc^ws the points of difference 
among the three sub-orders. 



Sub-ordor 

Inflores¬ 

cence 

r 

Flower , 

Aestiva¬ 

tion 

Stamens 

Fruit 

1 

Papiliona- 

ceae 

Baceme 

• 

Papilionaee> 
OUS and zy- 
|romorphic 

1 Vexll- 
1 lary 

1 

10, dia- 
delph- 

OUS 

Legume 

2 

Caesal- 

piuieaa 

1 

• 

SiiarHtiy ; 
Irregrular 1 

1 

j 


Usually 
10, all 
free 

i 

Legume 

* 

or 

Lomeri- 

tmn 

3 

Mimoseaa 

Bacemes, 
Spike or 
Capitate 

W ! 

i 

1 

Regular 

1 

1 

1 

Valvate 

8,10 OF 
indefi¬ 
nite, 
mostly 
free 

Lomen- 

tum 


Uses—The nutritious cotyledons of the seeds of all 
pulses, Shim, Barbati, etc., form important Indian dishes. 
The woody stems oi Siahoo^ OhnnUan, Babla, etc., furnish 
valuable tindi)?}r. ^,Nil and other plants yield dyes as log¬ 
wood and indigo. Babla, Khair, Asoke etc., are noted 
for the astringent properties of their bark. Si fish, Bahia 
are also important for their, gum 01 commercial value. 
.From soliie plants as Asoke, Tentul, etc., medicines are 
derived. I^e seeds of Koonch are used as weights by 
gold-smiths.' Shone yields fibres. 

. t 'N. O.—Rosaceae 

O^lap ( 2 ) Peach ( 9 ) Apple ( 4 ) Alu bokra ( 5 ) Loquai. 
16 ) NmhpcUL I ^ 

Plants inel^^e tteett, pricikly scramblers and herbs. Leaves- simple 
or cdmpotiii^lpipnate, alternate and usually with adnate stipules. 
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Flowers—coripleto, regular, perigynous. Sepals—-5, united, inferior. 
Petals - 5, all free, imbricate. Stamens—many, all free. Carpels—1 or 
several, apocarpous, Each carpel cotitains a single ovule. Fruit— 
aggregate, drupes, ponies or achenes. Seeds—exalbuminous. 

This order is allied to LoguminoL %e with which it tJgrees specially 
in having perigynous flowers. In India, the whole family is oonflned to- 
the hills. • 

Uses—The whole family ischaracterised by the prevalence of fleshyr 
edible fruits and the beauty ^nd fragrance of the flowers. The well- 



Fig. 256. 

Oolap growing in the hills, a—Floral lihoot. b—Ltftigi- 

tiidinal section of flower, c—Carpel, d—Fruit, 
e, f- Seed, h—Floral diagram. 


known fruits of apple, oheny, peach, loquat, pear arS all grown in the* 
hills and some of them ^re natives of the Himalayas and Kashmere. . 

The wild rose has flve petals only but the number hajs^. enormously 
increased by cultivation. 

Floral formula—KC*) Cs A» G ^ 
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N. O.---Myrtaccae. 

Common jilants :—(1) Peyara or guava (2) Jam 
(3) Galap (4) Jamroolf, (5) Hijal (6) Lahanga 

(7) Etwalyptus, 

General characters—Plants are usually trees or shrubs. 
The leaves are simple, opix>site,‘ exstipulate and with 
pellueid dots. Plach dot is an oil glahd. There is a vein 
running just within the 'margins. Sepals 4 or 5, united. 



Fig. 5257- 

Peyara. A—Floral shoot. B—Section o£ a flower. 


Petals 4 or 5, free. Stamens • are numerous and free or 
% 

' polyadelphous. Ovary—inferior, usually 1—celled with 

parietal placentation. Fruit—mostly berry. 

^ ‘ N. O-—^Umbelliferac. 

Examplefe (1) Dhania (2) Mmri (3) Juan (4) Shulpa 
ib) Badhyini .(6) Jefa (7) Thulkuri (8) Gajor (9) Hing. 

piantsale mostly annual herbswith, aromatic odour. 
Sterna—hollpw; erect, ribbed and green. Leaves—large, 
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much-divided, often decompound, alternate, always with 
sheathing petioles but with no stipules ,' sometitdes simple 
as in Thulkuri. 

Inflorescence consists of compound unbels with general 
and partial involucres. Flowers—small, complete, bracteate, 
actinomorphic but the ‘outer flowers of the umbel are 



Fig. 5158. 

» 

Flower of Dhankt, a—Flower, b—Section of the same, c — Fruit, 
d— Section of the fruit, e-Floral diagram. .? 

zygomorphic as their outer petals are larger than the inner. 

Sepals—5, lobed, united, superior. Petals—5, free, superior, 

usually white, with inflexed tips. Stamens— S, free, with 

«* 

filaments curved inwards. Carpels—2, united. Ovary— 
inferior, two-celled, with one ovule in each cell, crowned by 
a disk. Styles—2. Fruit—a cremocarp consisting of 2 dry 
mericarps which separate when ripe but remain attached to a 
30 
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common axis called carpophore. There are 6 long'ridges with 
oil canals da the walls of the fruits Seeds— 2, albuminous. 

Uses—Most of the plants are cultivated for tfieir fruits 
which are generally used as ^ices. The soft weak plants 
are protected from the attacks of grazing animals by the 
j>eculiar odour of their stems and leaves. 

Floral formula—»K sC 6 /LbG 2 

N. O.—Cucurbitaceae. 

«■ 

Common plants (1) Shaska (Oucumis sativus) (2) Mitha- 

f if 

kumra (Cucurbita maxima) (3) Lau (4) Chalkumra (5) Phuii 
(6) Tarmuz (7) Telaktuiha (8) Karala (9) Chichinga 
(lO) Pa^l (ll) Jhinga (12)*'Kakrole. {$3) Dhundul. 

Chief character8-»-Plants are all tendril-climbers. Leaves— 
simple, cordate' and palmiveined. Flowers—unisexual, 



Fig. 259. 

IMale and female dowers of Kumra. 


usiiaHyi ntt>noeciou8. Stamens have sinous anthers, Ovary— 
irfSexior 4 parietal placentation. Fruit—mostly pepo. 
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Type'^Shasha or cucumber 


The ftlant is a climber climbing by means of. tendril^ 
which arise from the base of le|ves. The tendrjls are highly 
sensitive. 


Koots are normal but when the «stems grow on. moist 
soil, white adventitious roots also develop from the nodes. 



Fig. 260. 

Shaaha—fiora.1 shoot, • 


Stems are soft, hollow and with five ridges. Many bristly 

hairs cover the surface of stems and leaves. The uppeii* 

internodes are very long and twisted. At , the nodes there 

hre leaves, leaf-buds, tendrils and fiower-buds *in addition to 

• * 

the roots, if present. Leaves'* are simplfti alternate, larger 
palmately reticulate veihed, cordate and jibbed. . v 

Flowers arise singly or in small clusters fiom* the axils of 
leaves. They are incomplete* unisexual and regular. The 
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male and female flowers are on the same planu vmonoecious;. 

, • 
Sepals are *anited at their base. Five petals are also united 

to form a bell. Stamens are only in the male flowers. They 

are epipetaldus and five, of \fiiich four are united into two 

and one remains free. Anthers are long and wavy. Gyne- 

cium in the female flowers consists of three carpels united to 

form a syncarpous, inferior „ovar^ with a short style and 

three stigmas. The united margins of the carpels project 

inwards and then turn put wards so that the placentation is 

parietal. The numerous ovules arise from the hooked ends 

of the placentas. Fruit—simple, berry or pepo with mafiy 

exalbuminous seeds. 

i 

Pollinatioii—Flowers being^ unisexual, cross-pollination 
takes place by the aid of flies or ants which are attracted 
by the nectar at the base of corolla. The pollinating agents 
carry pollen fram the large male flowers to which 
they usually pay their first visits. There is no chance 
of self-pollination. 

I 

c 

Floral* formula— 

For male flowers :—K(5) 06 or (6) A(2) + (2) +1, 

For male flowers ;—K(5) 05 or (5) G(3) 

___ * _ 

Other plants —Patol is dioecious. Though the Order 
belongs to the Sub-class Polypetaleae, corolla of some plants 
as Lau, GJuillikmra is gamopetalous. 

Uses-rMoSi of the plants are used, as vegetables. They 

■* V 

ai^e valued for their succulent fruits. The red berries of 
Mahg,l Tare greedily devoured by birds by which 
the seeds |^e dispSrsed. In 3hundul, the seeds are thrown 
away di^|tb jbbe extreme turgidity of ripe hnits. 
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N.O.—Passifloraceae. 

Examples-(1) Jkwnkolata or Passion flower (2) Panpe (Carica 
papaya). 

This is very closely related to Gucarbitaceae from which it difiers in 
possessing bisexual flowers with corona and superior stalked ovaries. 
The tendrils are axillary hence arc modjfled branches. Leaves are 
usually stipulate. Flowers are regular, bisexual but in Pewpe, they are 
unisexual and dioecious. Sepals —3iAo 5, united. Petals—3 to 5, united 
below. The ornamental corona of hairy outgrowths in 2 or 8 rows 
arises from the tube of the corolla. Stamens—3 to 6, free. Carpels—3, 
united. Ovary—superior, unilocular, seabed on a gynophore, with 3 
parietal placentas. Fruit—berry wi^ many seeds. 

Floral formula—K(5) 0(5) A6 G(3) 

a 

Sub-class-^Gamopetaleae 
N.O.—Rubiaceae. 

Common plants—(1) Rangan (2) Kadamha (3) Oandharaj (4) 

A 

Khetpapra (6) Mcm§i8ta (6) Qandhali. (7) Moynakanta. 



Fig. 261. 

A—Floral di^^ram of Compositae. B—Longitudinal 
section of Banyan flower. 
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General characters—Plants may be trees, shrubs or \ierbs ; some 
are climbers. Leaves are simple, opposite, decussate and stipulate. 
The' stipules are interpetiolar. Flowers are solitary on clustered, 
bisexual and regular. Sepals—4 or 5, united. Petals 4 or 5, lobed. 
StaAnens epipe^alous and equa^^^ to the corolla lobes. Carpels—2, 
s^carpous. Stigma—2, free ; style—one, long. Ovary—inferior, 2— 10 
celled. ' Fruit—berry, drup6 or capsule. • 

' Uses—Many possess tonic and purgative properties. Manjista and 
bther plants yield dye and‘tannin. Amon£ the important commercial 
pibducts of the family are coffee and quinine. 

Floral formilia—K(4 or 5) C (4 or 5) A 4 or 6 G(2) 

• • 

N. O.—Compositae. 

Common plants—fl) Snrjamukhee or Sun flower (Helian- 
thus annuus) (2) Gandha (3) Chandra mallika (Chry- 
fi^ajUthopaum) (4) Kukshima or Kukur ahonka (5) Kmumphul 
(6) Shoregonja (TV Keahurta (8) Hinche (9) TTatichohe or 
Artichoke. 

Chief characters :—Herbs or shrubs. Ijeavea—simple and 
exstipulat^^ - Flowers—many, small, all collected on a head 
or capitulum. Ovary—inferior. Pruitlets are usually dispersed 
by wind. 


Typp— Suj^amukhi or Sunflower 

The plant is^ all annual herb cultivated in gardens. It 
flowers-in ..winter." It scarcely attains a height of 3 yards. 
The stem branches in the upper part. It is nearly tubular 
with loosed pith. ^ 

Let^y^^jre simple, exstipulate, alternate, cordate and 
pihnatelf iretieulate. 
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' Flowe#s arise at the head of stem or branches. The 
whole mass is not a single flower but an aggre^^te of many 
florets. * Hence the order is named Compositae. The flower 
is called simflower as it ^irns its face^ towards the 



Fig. 262. 

, • 

Surjamukhi. A—Capitulum. B—Ray floret. 0—Disc floret. 


aun. All the florets are collected together on the flat surface 

■ 

of a fleshy receptacle (capitulum) which is embraced at its 
bottom by a large number of bracts called. involucre. The 
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florets develop centripetally so the younger ones* are in'the 
middle. TJhey are of two kinds. Those towards the 
periphery are ray-florets and those in the centre * are disc- 
florets. All the florets are u^ally situated in the axils of 
small hairy bracts called paleae. 

The ray florets are‘mostly sterile. They consist of only 
sepals and petals. Calyx is pappus consisting of two small 
hairs at the base of corolla. The petals are united to form a 
short tube at the base, which is spreading above in the forni 
of a flat strap (ligulate).^ 

The disc-florets are coihplete, bisexual, regular ancT 
epigynous. As in ray florets the calyx is pappus or hairy. 
The petals are 5, united to form a tube which is swollen at • 
the base. Stamens are five and epipetalous. The filaments 
are free but their anthers are united (syngenesious). The 
syncarpous gynecium consists of two carpels^ The two 
stigmas ‘ are free *'and the single style passes through the 
anthers. The inferior ovary is unilocular containing only 
one erect ovule. The place^ntation is basal. 

The frui 0 'is simple, dry, indehiscent and a cypsela. The 
persistent calyx appearing in the form of short wings helps, 
the dispersion of fruits by wind. The seeds are exalbumin^ 
ous which show epigeal germination. 

Pollination—The inconspicuous Horets forming a 
crowded mass serve to attract insects. The effect of their 
forming a clustered body is enhanced by the ligulate florets 
on the nmr^. The insects crawl over the mass in search 
of honey i^esent within the corolla tube and thus all the 

y ' * 

florets m 4' same time pollinated by the same insect. 
The stainen| are protandrous and when ripe, they shed their 
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pollen inslIJb the tube of the anthers over the head of the 
immature style. A little later,w)ien the style grows in length 
through "^he* anther tube it pushes up the pollen out of the 

tube. It now opens its 'Itigmatic headed in order to> 

• 

receive pollen from another flo'wer. If intercrossing fails^ 
the stigmatic lobes bend down to receive the pollen from, 
the corolla tube thus effecting self-pollination. 


N. O.— Apocy naceae> 


Common plants—(1) Karabi (2) Nayantara (3)' Tagar (4) JCat- 
champa (6) Kalika phul ( 6) Malati (7) Karamcha (8) Kurchi (9^ 
ChhcUim, 

General characters :—Treos,«hrub8 or climbers always with milky 
latex. Leaves—simple, exstipulate, opposite or whorled. Flow^crs— 



Fig. 263. 

Nayantara, A—Floral shoot, B—Flower. C—Carpel. 


complete, regular and hypogynous. Sepal8‘--6, unit^i Petals^6,. 
hypocrateriform with contorted aestivation. Stamett8~*5, free and 
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epipetalous. Carpels—2, united by their styles and stigmas but free in 
iihe ovaries.'r^Stigma-'dumb'bell-shaped. Fruit—a pair of follicles. 

I 

'Seeds bearing a tuft of hairs. • <• 

Floral formula—K(5) 0(6) A5 

N. O.-^Asclepiadaceae. 

^ c 

Common plants—(1) Akanda (2f Ananta mool. 

H " i" ' ' ■»**■*--** 

This family closely ^resecpbles Apocynaceae. 

General characters :—Mostly climbing shrubs, sometimes 
erect ; always with milky latdx. Leaves—simple, opposite, 
decussate, exstipulate. Flowers—regular, hermaphrodite. 
'Sepals—5, united. Petals—5, united, usually twisted in, 
aestivation. Corona—always present outside the staminal 
column. Stamens—5, gynandrous. Anthers—with pollinia. 
Oarpels—2, united by st>de and stigma. Fruit- -a pair of 
follicles.' * 


* Type —A kanda. 

ii 

• ' ♦ 

The plant is an erect bushy shrub. The stem and leaves 
abound in milky latex which -being distasteful to cattle 
protects the plant. ' 

Leaves are simple, exstipulate, nearly sessile, opposite, 
•decussate and covered on the under side with a white waxy 
<down. Flowers are in cymose umbels. They are regular, 
hermaphrodite*and hypogynous. Sepals, petals and stamens 
are all 5^ Petals are 5 lobed, campanulate and valvate. 
There are 5 large, waxy bodies, curiously recurved alter- 
;natiiig ‘wibh tl>e ^petals and arranged round the central 
«(duinh. / Th^se form the corona which is adnate to the 
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-staminal filaments. In the centre of the flower there are 

• * 

two frep ovaries headed by the united style ^sjipporting a 
pentangular disc-like stigma. At each angle of the stigma 
there is a sticky gland to whic^ 2 pollinia are attached, each 
of which belonging to two anthers. ^ 



Fig. 264. 

Akanda. a—Floral shoot, b—Flower.* c —Flower with tho 
sepals and petals removed, d—Carpel, e—Fruit. 

f—Pollinia. • 


Fruit is a pair of follicles which when ripe bursts to 
liberate the comose seeds,. They are then dispersed by 
wind. 

Pollination is effected by bees which take away the 
pollinia 

Floral formula—K(5) 0(6) A(6) G(2). . 
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N. O.—Solanaceae. 


Commo’h plants—(l) Aloo or Potato (Solanum* tul5e^uni) 
(2) Begoon (?) Belati hegooR (4) Lanka (5) Dhutra (6) 
Ta'tnak or Tobacco (7) Aswag(f^ha (8) Kaniikari (9) Tapari. 

Chief characters :—Herbs or shrubs with alternate, 

exstipulate leaves. Most of the plants are poisonous. Corolla— 

rotate or funnel shaped. Ovary—usually 2-celled, slightly 

displaced from the median plane which makes the flower 

c * 

slightly irregular, Placentation—axile. Fruit—berry or 
capsule. Seeds—numerous. *■ 

. Type— Dhutra, 

This herb is a common weed of Bengal. The stem 
branches scorpioidly. The leaves are large, unsymmetrical, 
simple, exstipulate and pinni-veined. The solitary flowers 
are complete, hypogynous, and slightly irregular. Sepals—5, 
tubular. Corolla of 5 petals forms a long white funnel. 
Stamens—6, free and ep^petalous. Carpels—two which 
form at first ^-celled and then 4-celled ovary due to the 
outgrowth and displacement of the placentas, which arise 
on the central axis. . 

Fruit is a dry capsfile which opens in four valves. There 
^ are many*prickles covering the whole fruit. These protect 
the numerous setfds t hough poisonous tn hun^an 

beings, are eat^n by some birds. 

rolii^^ii^l^e flowSrs open at night and exhale a 
disagreeablei musky smell which along with the white 
colomration lof the petals attract moths to transfer the 
pollen fifbzn^e flower to the other. Honey is secreted at the 
base of the/)fary. 
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’ Otiie# plants —Tamak is a small herb covered with 
glandular hairs to keep off animals. Flowers arise in cymes. 
Fruit, when ripe, oiiens in two valves. Aloo stem produces 
many underground tuberou^ branches whiph form the 
storehouses of reserve starch., The leaves are large and 
pinnately lobed. Corolla is rotate, the lobes of which 



Fig. 265 

Lanka. A-Shoot. B—Flower. C-Fruit. D^fifeed. 

alternate with the sepals. The anthers united at their 
ends dehisce by pores. Fruit is a berry. Begoon is known 
for large berry fruits. Lanka is cultivated evijry where for 
its pungent fruits used in curries and pickles. The white 
flowers are in cymes. There are many varieties producing 
small, large and swollen fruits. o 
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Uses— Tamak, Datura etc., produce poisonous« alkaloids- 
and they are,used medicinally, '^^om Begoon, Aloo, Tomato, 
etc., articles of food are d^ved as they produce ebible 
fmits or tubergi. Aswagandha, common weed in N. Bengal, 
is well-known for its medicinal properties. 




Floral formula—K(6) *0(5) A5 G(2). 

N. O.—Convolviilaceae. ^ 

Exan\ploS“(l) Kaltni-sliag (2) Banga-atoo (3) Tarulata (4) Bhumi' 
kumra (5) Alokelata. 

Plants are usually shrub# and' twining herbs. Leaves—simple 

alternate, exstipulate, cor¬ 
date or hastate, sometimes 
with hairs below. Inflores¬ 
cence—dichasial cyniose. 
Flowers—complete, large, 
coloured, axillary, regular, 
hypogyuous and bracteate. 
Sepals- 5, slightly united at. 
the base, usually persistent^ 
imbricate. Petals—5, united^ 
with plaited aestivation, 
bell or funnel-like in forms. 
Stamens - 5,free,epipetalous. 
Carpels—2, united. Ovary— 
2 to 4-celled, superior, witlj 
axile placentas on which 4 
ovules develop. Stigma— 
bilobed. Fruit—berry or 
capsule with 4 albuminous 
seeds. 

Floral formula— 



Ffg.aee. 

Banga-atoo. ,•«—Shoot, b—Flower, 
c—Ovary, ^d—Section of ovary. 
llraiiiiiverBe section 
■^pv4y, • f ™^loral 
I 'diagram. 


e' 


of 


K6 C(6) A6 G(2). 

This order is closely 
allied to Solanaceae from 
which it is at tmee^ distinguished by the number of ovules or seeds. 



^CLASSIFICATION 479 

O. —Verbenaceae. 

Examples. (1) Bhant (2) Nishinda (3) Shagoon or Tesuk: 

Plantsr^trftes, shrubs or herbs. Leaves—simple, opposite, decussate 
or whorled. Infloresceuce—racemose or cymose. Flowers complete, 
irregular, zyggjmorphic, hypogynoum and usually bracteate. Sepals—fi, 
united, persistent. ' Petals—5, united, bilabiate. Stamens—4, free, 
didynamouB, epipetalous. •Carpels-2, united. Ovary—superior, 2 to 
4-celled, with 1 9 vule in each cell. Plaoentation—axile. Style-- 
terminal. Fruit—berry, dApe or capsule with exalbuminous seeds. 

Fioral formula—K(6) C{5) A4 Gf2) . 

This is closely allied to Labiatae froiA which it differs in having 
^rminal style and the ovary not being deeply 4 lobed. From Acanr 
thaceao'it differs in the structure of ovary. 




B—Flower. 

BCBsile Bind placed at 


O.—Acanthaceae. . 

Common plants—(l) Basak (Ad- 
hatoda Vasica) (2) Kalmegh (3)' 
Kulekhara (4) Nil-lata. 

Chief charactenB :—Usually herbs. 
Stems with swollen nodes. Leaves— 
simple, opposite and exstipulate. 
Flowers aft*e with conspicuous bracts. 
Corolla—bilabiate. Stamens—usually 
didynamous. Ovary. 2-celled, superior. 

Type— Basak. 

This is a bushy under-shrub. The 
branches are swollen at the nodes. 
The leaves are simple, lanceolate, 
entire, exstipulate, • opposite and 
decussate. At the ends of stems 
or branches . flowers arise in 
clusters on long spikes. They are 
the axils^ of leafy bmots Each. 
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nower has also 2 bracteoles besides a letii^'ge bract. 
Flowers—rjQomplete and irregular. Sepals—5, united. 
Petals—united, bilabiate, upper lip overhaniging over 
the spreading lower lip. ^tamens—2 andf epipetalous. 
'Cari)els—2 forming a syncarpous, superior, 2-ceUed ovary 
with a slender style and two stigmas. Placentation— 
axile. Eruit—capsule with two ‘seeds. 

The presence of retinacula ol hook-like structures 

fi 

supporting the ovules is characteristic of many genera of 
this family. In many genera,* cystoliths occur in the leaves. 

Use :— Basak, KuUkham ,and Kalmegh are medicinal 
xdants. 

Floral formula-~K(5) 0(5) A4i,G(2>. 

N. O.—Scrophulariaceae. ^ 

Common plants :—(1) Basanti (2) Brahmi shaJ c (3) 
Bhimi nim (4) Snoupdragon 

Chief characters :—Mostly herbs. Leaves—usually oppo¬ 
site, exstijaulate. Flowers—^liermaphrodite, irregular. Corolla 
—usually pel'sonate, sometimes bilabiate. Staihens—4, 
didynamoUK.* Ovary—two-celled, many-ovuled. Fruit—a 
capsule containinjg many seeds. 

Floral formula—K. (5) C (5) A 4 G (2) 

This is very closely allied to Solanaceae from which it 
difi'ers in having (l) opposite leaves, (2) personate or bi¬ 
labiate conolla, (3) stamens fewer than corolla lobes, 
and (4) carols in ipedian plane. 

Basdntk i^ a common weed appearing in the rainy season 
on cdd widll producing small yellow dower s. ^ Brahmi ahak 
grows nhx the edge of water . and is well-known 

lor its med^nal properties. 
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N. O. ~ Boraginaceae. 

Hafi-shumr is«the well-known oxampre. . 

« 

Plants are UBO^lly herbs with succulent stems covered with hairs. 

tieaves—simple, alternate, often with cystoliths. Th^ flowers are 

^ • 

regular, small and on soorpioid oymes ; sometimes large and brightly 



Pig. 268. 

Hatishunr. A—Shoot. B—Flower. 0—Corolla. D—Ovary. E—Fruit. 

coloured. Sepals-5, united, lobed, inferior. Petals 5, unit(^, lobed, 
rotate. Stamens—5, free, epipetalous, filaments short. Carpels—3, 

united into 2 or 4 lobed ovary ; style—mostly gynobasic, 2-4 fid or 
simple. Fruit—schisocarp breaking into 2 or 4 nutlets, or a drupe. 
Floral formula : — K(5) G(*} 

N. 0»—Oleaceae. ' 

j 

Examples—(1) Juin (2) Bela (8) Malliha (4) Kv/nda^ 

(5) ShMi. 

31 
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Plants-ustuLlly shrubs, sometimes climbing. I^^aves—simple, 
opposite. docuBsafe. Flowers—solitaiy or in panicles, regular, complete, 
sometimes.unisexual or polygamous. Sepals—4 lobed. i^ecior. Petals— 
4 to many,-.united. Stamens 2, free, epipetalous. Oarpels—2, united. 
Ovary—^superfor, 2-oelled. Ovul£— 1 or 2 in each cell. Fruit—dry 

^ I 

capsule or berry with albuminous seeds. 

Floral formula : —K(4) b(4) A2 0(2) • 

4 

f 

* ». 

N..O.—Liabiatae. 

Common plants—(1) TtiZs^t^cimum sanctum) (2) Shwet 
drone (3) Bahta drone ,(4) Pudina. (6) Ghalghasi 
(6) Topemari. 

Chief characters.;—Mostly jjierbs. Stem square. Leaves 
opposite. Aromatic smell. Inflorescence verticillaster. 
dlorolla bilabiate. Stamens didynamous. Ovary 4-lobed 

with gynobasic style. 

c 

Type— Tulsi. 

■% 

This is a*^ woody little 4 )lant having many glandular hairs 
scatteredcoVer the surface of stems and leaves. The hairs 
secrete an ethereal oil for which the plant emits a smell. 
Thp steni square in shape. The branches arise from the 
axils of bpposite leaves. Branching dichasium. Leaves 

, i 

simple,* decussate and exstipulate. Flowers arise on stalks 
which al^ develop cymosely. 

, i 

Flow^s. are., complete, zygomorphio, hypogynous and 
sessilp. The frrbgular bell-shaped calyx of 5 sepals has two 
lower loles longer than the upper lobe. Corolla of 5 
petals IS bilabiate. ‘ The upper lip is 4-cleft and the lower 
.Qne ' fs ;te|itke and boat shaped. Stacqens fure epipetalous 
and 4,jof^hich 2 are longer than the other two, Carpels 
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are 2, fused to form a superior syncarpous ovary, a single 
style and two .free stigmas. The oyary is deeply fotir-lobed. 
The style % ^nobasic, i. e., it springs from the middle of 
the ovary at the base of the Icl^es. Fruit cons^ts of four 
dry nutlets, each containing a small seed. 



Pig. ‘2(59. 

Tulsi, a—Floral shoot, b—Flower. c~ Carpel. 
d—Fruit. e-Floral diagram. 

Other plants— Drone, Ohalghasi have flowers in dense 
yerticiUaster inflorescence at the axils of* opposite simple 
leaves. 

Floral formular-K(6) C(5> A4 G(^ 
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Sub-class—Incompleteae 

N. O■ —Nyc tagin aceae. 

Examplel—(1) Ki'ishtmkalf (Mirabilis jalapa) (2) Punarnabn 
(3) Bogan bilas. * 

Plants—usually herbs^ or shrubs. .Stem -swollou at the nodes. 
Leaves—simple, usually opposite. Infloresoencp—cyme or sometimes 
umbel. Flowers—regular, bisej^ual, Hypog^nous. Several coloured 
bracts form an involucre. Perianth —.*», petaloirl, united, inferior, 



Fig. 270. 

Ki'ishnakali. A—Flower. B—Longitudinal section of the flower. 

« 

, persistent, swollen at the base where lies the ovary. Stamens 5 or more, 
free, unequal in length. Carpel -1. Ovary—superior, unilocular with 
one ovulev Fn^t—achene. Seed—albuminous. 

Floral j|brmula—P(5) A» Gl_ ■ 

Other hlants—Punarna6a is a medicinal herb used for dropsy. I a 
Baga^ hila5,,th6 three rose-coloured bracts in a cluster render the 
plan^' or^ihental^ la Teri^hnakali, the five green bracts - must onot be 
;mistakw ior a calyx. 
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4 ^N. O.—Amarantaccae. 

Morog phul {^) (hdmdkmal (^) Apa‘n^(4t) Kantor 
natia (6) Data-shag (6) CJiampa-natia. 

Plants —usually herbs. Stem—soft.jprect. Leaves—siiriple, alternate 
or opposite. Flowers are very minute, usually in spikes or in cymes, 
hermaphrodite or nnisexual, regular, with bracts and bracteoles. 



Pig. 271. 

KanUmatia. A—Shoot. B, C—Flowers (male and female). D—^vary. 

Perianth—dry, membranous, persistent, of 5 leaves. Stamens—1 to 5, 
free, inferior. Carpel—1 with unilocular and one-ovuled ovary. 
Fruit-utricle with albumindus seed^ 

Floral formula—P(6) A6 

Moragphul and Oul makmal are garden plants 'noted for their orna¬ 
mental inflorescences. The stems of Data-shag, Champanate etc-, are 
used in Indian curries. 
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N. O.—Polygonaceae. 

r 

Examples — (1) Ban-palangf (2) Chuka-palang {B)'Pq^mnarich. 

This order is very closely related to Amarantaceae, from which it 
differs mainly in having ochrCate stipules and triangular ovary of ^ 
3 carpels. » * 

Floral formula P(6)iA6 

N. O.-^Urtiaaceae. ' 

Examples—(l) JTo^to^CArtocarpus integrifolia) (2) Bot 
(Ficus benghalensis) (3) ^watha (Ficus religiosa) (4) Dumur , 
(Ficus hispida) (6) Bichuti (6) Tunt or Mulberry (7) Blian^. 



Fig. 272. 

' BoiL A—Inflorescence. B-Male flower. C—Female flower. 

f lanjbp^trees, shrubs or herbs., Leaves—simple, alter¬ 
nate,* rai^ly opposite, stipulate, stipules usually convolute. 
Stema-^ually \yith a milky juice. Flowers are small. 

an^ngdA on raceme, spike, hypanthodium or cymose 
inflores^nces » they are regular, unisexual, monoecious or 
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dioecious or/polygamous. Perianth—4, in one or two whorls, 
polyphyllous or gamophyllous. Stamens—equal in . number 
and opposite to perianth lobes. Ovary—superior, lyiilooular 
with one ovule. Fruit—simple (aohene) or multiple (syconus 
or sorosis) ^eds—usually exalbu^ninous. 

This order is usually, divided into' several tribes which 
are diverse specially in lihe forms»of their inflorescences. 
Bot, Aswastha have sycoflus fruits. Kantal has sorosis fruits. 
All of them have milky juice in their st^s. Bhang^ culti¬ 
vated for its narcotic leayes used As siddhi , has its young 
inflorescences resinous which •are silked B&jcharas. The 

leaves of Tunt are use d for feeding silkworms. 

—--——-- -. . - — 

N. O.—Euphorbiaceae. 

Common plants—(1) Berhi or Castor plant (Eicinus 
communis) (2) Sij (3) Monsa sij. (4) TfiXpata (6). Bagh- 
hhaf'enda ■ (6) Lal-bharenda (7) Bokharan (8) Joy pal. 
(9) Muhtajhuri (10) Amloki (11) Nole {12) Pituli. 

Chief characters—trees, shrubs or herbs with watery 
or milky latem Leaves—simple, alternate m/fetly with 
free stipules. Inflorescence—various, sometimes cyme, 
sometimes cyathium. Flowers—calyx and corolla botli 
present or absent, in some 6nly calyx present. Flowers 
—unisexual, monoecious or dioecious. Stamens—1 to many. 
Carpels—1 to many but usually three ; when more than 
one, always synoarpous and chambers acgording to the 
number of carpels. Fruit—sohizocarp, capsule or* drupe. 

Type— Berhi or castor plant. 

This is an annual herb or a shrub producing large, 
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peltate, palrnati-partite, alternate leaves witli sejirate margin 
Petioles .g.re long and hollow. 



• f . ■ Fig. 273. 

A -Leafy eboot. B—Infloresoenee. G—Stamens. 
^ D— Carpels. E— Section of ovary. 
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• Flowers arise at the ends of stems or branches in pani¬ 
cles. They are all unisexual and monoeciops. On the 
same rachis arise flowers of which the males are crowded at 
the base and the females at tj|ie top. Both the flowers have 
only 3 to 4) sepajs to protect- t^e essential organs when in 
^)ud. The corolla is entirely absent. In male flowers the 

• m 

• stamens are numerous and so branched that they look 
like bunches. In fern Ale fldwers the 3 carpels are fused 
into u 3-celled 8Ui)erior ovary with 3 bifid styles. 

Fruit is a spinous capsule wfiich divides into 3 parts 

• each contaning one oily seed. The oil is stored as food 
for the young plants. • 

Other plants :— Lalpfita and all Euphorbias have a 
peculiar cyathium inflorescence. This consists of a cup, 
formed of a number of bracts united together, in the 
interior of which are many male flowers ‘surrounding a 
central female flower. Eacli male flower consists of a 
single stamen at the axil of a bract. The female flower 
has three carpels fused and seated on a »hort gynophore. 
The fruit is a schizocarp consisting o{ thlroe cocci. In 
Mansha-sij, the stipules are thorny. In Sij\ the leaves are 

• transformed into spines. The latex in them is poisonous. 

In Amloki, Nole and Bhuni-amld, the small branches 
bearing distichous leaves and fruits on the lower* side look 
like compound leaves. • , 

Uses ;—The castor oil is valued for lubricating machinery,. 
1$}r tanning hides, for lighting, for soaps, ‘-candles, etc. 
Muktajhuri, Castor, Joypal etc. are used as purgatives. 
Sij, Mansha-sij and other plants are poisonous. Sdme yield 
dyes. The hatha of E. Bengal and Akrote are edible fruits. 
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Petaloideae 

f 


Ovary supenor 


(D Liliaqeae 

» 


Monocots 


r 


I 


Spf.diclflopae 


I 

Ovary inferior 


. ia) FalmaeM 

(1) AmarylUdaeeae ' ^ 

(2) Seltamineae 

(3) Opchldaceae 


Olumlfcpae. 

, * I 

(1) Cyperaceae 

. . (2) Gpaminaceae 

1) Apaceae 


€LASS~MONOCOTTLEDON 


Sub-class—Petaloideae 

I 

N.O. —'Liliaceae. 

Common plants (1) Pianj tAllium cepa) (2) Sata-muU 
(3) Ohrita hmhari (4) Ulat chandal (6) Kumarika. 

Chief characters :—Usually herbs with underground 
stems in the forms of rhizomes, tubers or bulbs producing 
fibrous roots ; sometimes aeriaL Leaves—large, sheathing 
at their baste*, parallel-veined, in some cases succulent. 
Inflorescence usually racemose. Mower—regular, trimerous- 
Perianth petaloid. Stamens—usually six. Ovary—superior,* 
3-celled. J’ruit—berry or capsule. 

^ Type —Pianj or onion. 

% 

u 

The plant is a herb with a peculiar smell. The stem is 
a tOnicat^ bulb i)*oip the base of which ^ fibrous roots arise, 
in a cluster. ,^-‘The inner scaly leaves protected by the$ 
out^ ones^^re food and become fleshy. The aerial leaves 
axe radiiMi.Iriu^Vle, 4^^ parallel-veined with sheathing 

|be a^ils of which hollow scapes arise annually 
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in winter. ‘Flowers appear in a simple umbel enclosed in 
an inTolucre of scaly bracts. Flowers are complete, regular, 
trimeijpus^ having xjerianth of 6, segments in 2 yrhorls. Just 
inserted on them are 6 stamens. Carpels ^e 3 fused 
to form ^ superior 3-oelled*ovary with axiie placentation. 
Ovules are two in each cell. ^Fruit is a capsule dehiscing 
loculicidally. • 

Other plahts— U^fi,tchobndal has the leaf-tips tendrillar 
by which the plant climbs. Flowers are in racemes. The 



Pig. 274. ' 

mat chandal. A-Leaf with the coiling tip. B -Flower, a—Petal., 
b—Stamen, c—Ovary, d—Style, s—Stigma. C—Section of 
ovary. D—ICToral diagram. 

^wavy petals are. showy and curl back when they blossom. 
The long style bends away. KiMnarika is also a climber 
climbing by tendrillar stipules. It differs frpm other plants 
of the family in having hbt-veined leaves and small dioeoioud 
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flowers. The flowers are all unisexual. Ghrita^kuniari has* 
the leaves very fleshy. They contain mucilage in which 
water is store^l'. Shatamooli is ‘a straggler with a, creeping 

rhizome. The branches are cladodes. 

« I. 

N. O.—Amaryllidaceae. t 

Common plants (1) Raje,nigandha (2) Sukhadarsan. 

# * 

Chief characters—The plants differ from those of 





Fig. 276 

f » 

Shiikhndarsan. A—Flower. B—Floral diagram. 

Liliaceae in having inferior ovary. Plants are herbs always 
with underground ; bulbs. Leaves are radical. The scape 
bears a number of regular, complete flowers with petaloid 
perianth ■’ in |wo whorls. Corona sometimes is present. 
Stamens-^'6? skuA, epipltyllous. Carpels—2, fused to form .a 
d-celled infericr ovary with many albuminous seeds. 
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N. O.—Scitamineae. 

This large order is divided into three sub-orders. 

_ ■ 

(a) Musaceae (b) Zin^iberaceae (c) jCannaceae. 

They^gree^closely in theii; vegetative characters as well 

as in carpels differing mainly in respect of stamens. 

• • 

Chief characters of the order :—Herbs with underground 

rhizomes. Leaves—ladicaf, large, pinnately veined^and with 

sheathing i^etioles. Flowers—bisexual, zygomorphic or 

asymmetrical. Stamens—6, of •which some may be i)erfect 

and others modified. Ovary—inferior, three-celled with axile 

placentation. Ovules;—many. Fruit—capsule or berr>'. 

% 

(a) SubWder—Musaceae. 

Type— Kola or banana. 

The tall, aerial, soft stem • covered by ihe overlapping 

leaf-sheaths is not really the stem. * The real‘stem is a 

fleshy rhizome from which fibrous roots grow downwards 

and leaves upwards. At the time of flowering a white long 

solid cylinder grows up witli many large IdOj^'es to produce 

at its end many flowers and fruits. The cylinder looks 

like the trunk of the plant but it is teally a scape which 

growing from the rhizome pushes its way through the 

leaves. Each leaf has a strong mid-rib from ,w'hich many 

secondary veins grow towards the margin. The ptyxis of 

# 

the leaf is convolute. The leaf-sheaths Uro large, boat-like 
containing air cavities and raphides. * 

The scape continues to grbw beyond the stem and . forms 
the rachis of the well-known conical spadix on which the 
flfl^rs arise in different clusters. Each cluster is’ protected 
by a concave leathery spathe which is dark red on the 
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inside. Towards the base of the drooping spike eaoi! spat he 
encloses at its'axil two rows of several fertile flowers. The 
flowers are female at the base, perfect in the luiddfe and 
male at the top.* The spathes ori)en in succession from the 



Fig., 276. 

Kola. > —Plaijt. B -Spadix. C—Flowers. D-Fruits. 

base to the apex along with the maturity of each successive 
row of flowers. The main spike opens raoeu^sely but 
jthe flowers pf each cluster open cymosely. The petaloid 
perianth conadsts df 6 segments in two whorls ; 3 of the 
outer and ^ of t^e inner segments are united to form a 5* 
toothed tu^ ■^ith a dit throughout the length, in which the 
sixth inner lament is placed. The 5 stamens are perfect 
and the siatihi is,, abortive. Carpels are three fused to form, 
an in^(ir%<^lled oAry with axile placentation. Fruit is 
S^B are usually absent. , , 
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Othef plant of the sub-order— Pantha padap or traveller’s 
tree bear^ two rows of large ^ plantain-like leerVes on a tall 
aerial alenf and is often planted in our gardens. * . 

(b) Sub-order—pingioeraceae. 

Common plants (l) Ada (2) *Balood (3) Ban-ada (4^ 
Am-ada (5) S>ulal-champa ^ (6) Bhui-champa (7) Alacki 
(8) Santi. 

Type— Dulal-ghampa. 

This herb has a fibrous rhizome from whicii radical 
leaves arise. The leayes are lanceolate, sessile, distichous, 
and with sheathing petiojps. The fragrant,, white bracteate 
flowers are ;n spikes. Sepals are 3 forming a tube within 
which there is a long tube of 3 petals. One of the petals, 
called labellum is spreading and forms the seat of insects.. 
Stamens 6 in 2 whorls only one of l^hich has • a perfect 
anther. The outer three are petaloid staminodes. The 
inner two are glandular. Carpels same as in banana. 
Fruit is a capsule. 

(c) Sub-order—Cannaceae. 

Common plants (1) Sarbajaya (Ganna indioa) (2) Pati. 

Type— Sarbajapa. ^ 

Boots, sterns and leaves are as in other Sub-orders.. 

• 

The flowers are asymmetrical. They arise in rcbcemes.. 
Bracts embrace flovrors. ^pals—3, free, ^et^ls—3, united, 
into a tube. Stamens—6 of which 5 are petaloid stami¬ 
nodes. The sixth stamen has half anther lobe fertile and. 
the other half with the filament forms a * petaloid body. 
Carpels same as in other Sub-orders. Fruit;—capsule. 
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Uses o{ the plants of the family —Arrowroot is t*iie starch 
obtained from the fleshy rhizome of the plant. .Similarly 



Pig. -277. 

'Swarbajaya. A—Flower. B-PJoral diagram. 

f 

I 

ginger, turmeric o'l market are the rhizomes of those plants. 
The aromatic and pungent seeds of Alachi which grows in 

f 

the hills are used as spices. Pati grows in Assam and East 

Bengal. The split stems are used for making mat or j 

sital-pati. 

* 

N. O.—Orchidaceae. 

Exaiu{^s4-^a^ (Vanda Boxburghii), commonly seen on the 
branches Uiin^o^d other trees as an epiphyte, and other Orchids 
growing ^hun|anSly inirtihe hilly feasts of tHe Himalayas. 

, are Wl epiphytic herbs with branched aerial roots and green 
leaves ; sonje ire tejrrestrial. Flowers—-comple te, irregular, epigynous. 
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Perianth—6* of which 3 outer leaves are nearly equal and of the 
• 3 inner leavps, two lateral are equal while the mid^e one called 
labellam* is 4ihe la^rgest, different in form and sometimetf with a spur 



Orchid. A—Flower, a,c—Outer perianth leaves, b—The two inner 
perianth leaves, d—Labellum. e—Entrance to the spur, 
f—Stamen, k—Staminode. 1—Cup. B—C^udicle. 
k—Cup. m—Disk, n—Caudicle. p—Pollinium. 

C —Floral diagram. ^ ^ 

containing honey sought after by insects. Stamen is solitary, rarely 

two, grynandrous i. e., adherent to the stigma forming a column 

called grymni^teinilim at the, base of which there is a small 

round, knoh-like projection called rostallum. The tjvo pollen- 

sacs of the anther are nearly parallel and each contains a clpb- 

shaped pollinium or pollen mass which is connected with the* 

rostellum by a slender stalk called eaudiolo and a disk at the base. 

On the two sides of the stamen at the base there are two .staminodes. 

* • 

Situated slightly belcw the rostellum and on the two sides of it'are 
two sticky stigmas while the rostellum itself represents the abortive 
stigma. Carpels—8, united into an interior, much twisted, unilocular 
ovary with 8 parietal placentas on which many ovules appear. Fruit— 

32 
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c''psule dehiscing loculicidally into 3 valves. Seeds—very^ minute Sd 
they are easilyt^spersed by wind. , 

■'Pollinajtion :•**When an insect sits on the labellum* thu landing 
place, and seeks for the honey concealed in the spur, it touches in its 
forehead the fragile rostellum w^ich breaks and oon^quently the 
pollinia with their caudicles and disks stick to its head. When the 
insect visits the next flower with the whole pollinia of the first flower 
removed and tries to get the honey,the pollinia by mepns of the bending 
of their paudioles meet the stigma an^ pollii^te it. The stigma, being 
sticky, can capture at least some of the grains if not the whole- 
pollininm. «- < 

Sub-class—Spadidfloreae. 

e 

N. O.—Aroideae or Araceae. 

« 


Examples—(1) r Kochoo (Colocasia ^ntiquorum) (2) 
) Ohet~kochoo (4) Goja-pi^ul (5) Bara-pana (6) oL 


Man-kdehoo 


Sf 
n»f- 


Fig. 27 

ff-^Fetnate jjewers, 
mf^-N^idwers. 
Sf—N^ter flowers. 


Plants—herbs with rhizomes, tubers or corms 
as stems which may also be climbing by means 
o^ aerial roots. Leaves—simple or compound, 

alternate, usally radical. Ventation is usually 
palmately reticulate. Flowers are usually 
unisexual and arise on spadix enclosed by a 
large flesfiy spathe.' The head of spadix ia 
* occupied by closely arranged male flowers below 
, which are some abortive flowers while the female 
flowers are at the base of the spadix ; some¬ 
times the neuters are above the males. The flowers, 
are achlamydeous. Each male flower has a siHgla 
' 2'oelled anther. Each female flower consisting 
of a single pistil has unilocular ovary with 
ovules on 2 or 3 placentas. Fruits—usually 
berries with many albuminous seede. 

In Qojajnpul the stem is climbing and the 
flowers are hermaphrodite, Pema which is 
common in tanks has obcordate leaves and 
fibrous roots. 
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N. O.—Palmaceae. 
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Examples—(1) Narikel (Cocos nucifera) (8^' Tal (3) 
Khejur (4) *Supari (6) Golepata (6) Beth. * . 

Plants are usually trees >;()jith tall, unbranohed, or rarely 
branched, ^oody •stems (caude!5t).» Leaves—pinnately or pal- 



Pig. 280. 

A—Spadix. B, C—Flowers. D, E—Floral diagram. 

• « 

mately divided, with sheathing base, large and foi^ a crown 

at the head of the plant. Mowers arise on much>branched 

« 

spadix enclosed in a woody spathe. They may '"be unisexual 
or bisexual. Perianth consists of 6 sepaloid leaves in two 
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series, 3 in each, inferior. Stamens—^ui$ual|^v 6, free. 
Carpels-^Sfc united into 1 or 3 celled superior ovary. Fruit— 
1 to 3 seeded drupaceous nut. ^, 

J'loral formula—P3 + 3 A3 + 3 G(3) 

Uses— Tal,NarikeltSupa^i stems are used in ^uilding and 
other constructions. The leaves of Golpata are used in the 
construction of thatched houses. The fibres of Narikel fruita 
are th^ materials for cordage. * The flexible sterns of Bet are 
used for walking sticks, chairs and umbrellas for which they, 
are largely exported to foleign countries. The sugary juice 
of Khejur,Tal collected from thp incised stems is boiled down 
for making sugar or gur. It is also fermented for making, 
wine. The albumen of Narikel nc^b only serves as a delicious 
food but furnishes excellent cocoanut oil. The ruminated ‘ 
albumen of Supari is universally chewed in India. The oil 
obtained from Tal fruits is .largely utilised in the manufacture 
of candles, soap, etii» 


* Sub-das^—Glumiferae. 

< 

N. O.—Cyperaceae. 

Common plant8--r(l) Mootha (2) Kasm (ft) Madur 
kati. 

, This Order iswery closely allied to the foUoiwing, important 

Natur^ Oird^r Qraminaceae. 

^ * 

Cluefj dudacters —Annual or perennial herbs with 
rhizomaa kir tubers. Aerial stems—solid and triangular^ 
sometin(ie4 round. The nodes are not swollen. Leaves are with, 
aiiealmh^l petioles and txiatichoua i. e.,. arranged in ft 
r&aks; / fheaths are closed in fi^nt of leaves.. ligules. are 
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absent. ,^lo^ers are in spikes and eadi is borne in the 
axil of a single bract. Perianth is absent there are 
6 bristles in its place. Stamens 3 in one whorL^ Oarpels— 



Pig. 281. 

I f 

Mooiha, A—Plant. B—Spikes. C—Spikelet. D—Flower, 
a—Perianth, b—Stamen. c—Stigma. 

2, fused to form one-celled ovary and a single gtyle which is. 
branched at the head bearing 2 or 3 stignfhs. j^^it—a nut 
with an albuminous seed. Pollination take place by the. 
help of wind. 


N. O.—^Graminaceae, 

Common plant8-^<r(l) Dhan (Oryza sativa) (2) Gattm 
(Tritioum vulgare) J[3) BhuUa or Maize (Zea m&ys) (4) uh 
or Sugarcane (6) Du/rba (6) Uloogkas (7) GhoreJ^nta> 
(8) NomI (9) Bcms (10) Kuah (11) Jab or Barley (12) Jai 
or Oat (13) Dedhan (14) J^bu ghae or Lemon grass. 
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Chief characters :—Plants—annual or perSnniftl herbs. 
Stems—hollow in the intemodes but knotted at the nodes 

» I 

(except BhuUa, UV). Boots— 
fibrous. Leaves—simple, al- 
, temate, parallel-vekied, linear 
with sheathing petioles. The 
sheath "is split down in front. ’ 

t 

The ph^^llotaxis is distichous 

i. e., leaves are arranged in 

two, ranks. Ligules are at 

tl\e junction of blade and* 

leaf-base. Flowers are in 
« 

spik^lets. Each spikelet has 
two glumes at the base, 
one above the other. Flowers 
may be one or several. The 
upper flowers are degenerated. 
The lower flowers are perfect. 
Above the inner glume there 
is the first flower having 2 
scales—the lower is called 
flowering glume and the 
upper palea. Above these there 
4kre 2, or raiiely 3, lodicules representing perianth. Stamens— 
•3 tp 9, all- free. ’ Anthers—versatile and deeply notched at 
ihe ends. Carpel—only one. Ovary—superior, one-celled 
with a si^le" ovule. Styles—two oy three. Stigmas— 
feathery. F^t—a dry caryopsis of which the pericarp is 
:adheient to|the testa.. There is a large endosperm. Germi¬ 
nation lid h jpogeal.* 





The” stem is an erect hollow culm. Flo'^ers are in 
panicles. Each spikelet cons'fts of one howor. The palea 
is provided* with a bristle-like body called awn. Loonies 
arc only two. Stamens—6. Styles—two, branched into, 
‘feathery stigmas. 


.i 

t 

a 


Fig.. 283. 

Flower of Dhan. a—Empty glume, b—Flowering glume.'o—Palea. 
d -Ijodicules. e -Stamene. f—Ovary, g—Stigma. 

# 

Other plants— Gct^um has its spikelets consisting of 3 or 4 
flowers. The stamens are 3. In BanSt the staztiens are. 6 ; 
the lodicules are 3 in number. In Bhutta^ the flowers ■ are 
inonoecious. • . 

Pollination—-Flowers are all anemophilous. 
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Uses—The nutritious endosperm of Dhan, datin'^, Bhutta 
forms our steeple food. Bans stems are extensively used as 
supports or 'pillars for that^ed houses and for making sticks, • 
umbrellas, etco Bans is alsq extensively used for the 
manufacture of paper. The sugir of commerce ie prepared 
from UJc, stems which abound in sugary juice. Khuskhu s, 
and Nebu ghas or Lemon grass furnish fragranjb essential oils.' 
Other grasses are used in i patt ing arftll for the food ^ icattle. 

1 

Exercise 

r r 

1. What do you understand by the classification of plants ? On 
what characters does such a classification depend ? Briefiy describe 
any system of classification known to you. Illustrate your answer ‘ 
with indigenous examples.—G. U. 1925, 1920. 

2. State the general principles of classification of plants.—C. U. 
1931, 1926, 191^. 

3. Give an outline'^of any system of classification.—C. U. 1926, 
1924, 1913. 

4. By referring to plants known to you illustrate what is meant by 
the terms—Natural Order, Genui, Species and Variety. 

6. How db , Monocotyledons differ from Dicotyledons? Are these 
•differences absolute ?—C.’U. 1919. 

Hints— Absolute differences are (1) Monocot stem has many 
scattered and closed bundles but Dicot bundles are in one ring, open and 

, s 

limited in plimber. (2) Monocot seed has a single cotyledon but in 
D^oot cotyledons are two in number (3) Monocot fiowers are 
^brinierous bi^t Dioot flowers are other than trimerous. 

6. . Whtd; are* Cryptogams and what are Phanerogams ? Point out 
the maih dilierences between the two.. ' 

7^ characters of the Natural Order Aiionaoeae with an 

>exampl)^4ai sketch^.-—C, XT. 1933,1925. 

, Oruoiferae with special reference to 

Ihe leav^, ^dorescence and androecium.—C. IT* 1927,1919,1912. 
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9. Ho*w would you recognise plants belonging to the Natural Order 
Malvaceae. Mention plants of economic importance of this Order.— 
C. U. 1931, 1929, 1923, 1922, 1917. 

10. Give the characteristic features of the Natural Order Legu- 
miuosae indicating particularly how pollination is' brought about.— 
C. U. 1932,‘l930, 1919, 1916, 1913,1910. 

11. Describe in detail the characteristics of the N.O. Oucurbitaceae. 
—C. U. 1920, 1912. 

12. Describe a member of the Gompositae with sketches.—C. U. 
1932, 1930, 1927, 1926, 1924, 1921, 1918, 1916, 1909 

13. Describe the N. O. Sqlan&ccae’in detail with sketches.-1929, 
1926, 1923, 1921, 1920. 

11 

14. Give the general characters of the N. O. Apocynaceae mention¬ 

ing plants of economical and medicinal importance.—G. U. 1926, 1922 
1919, 1918, 1917. n 

15. Describe the morphological characters of the N. O. Asclepiada- 
ceae.—C. U. 1929, 1926, 1922. 

16. Describe the characters by which you would identify plants 
belonging to the Natural Order Acanthaceae—rf. U. 1926, 1923, 1918. 

17. Define the Order Labiatae.—C.U. 1923, 1921, 1912, 1914, 1910. 

18. Write a short essay on Bubiaceae. How would you distinguish 
the Order from Gompositae—C. U. 1915, 1911. 

19. Mention the Natural Orders iii which an example can be found — 
(1) Tetradynamous (2) Didynamous (3) Epicaiyx (4^ Yexillum (5) 
Gorona (6) Gynobasic.—0. U. 1933, 1928. 

20. Describe the infioreseenoe and androecitun in the N.O. Euphor- 
biaceae. Draw sketches.—0. U. 1927. 

21. Describe the infioreseenoe in the Natural Order AmSirantaceae.— 
C. U, 1919, 

22. Give an account cf the characteristics of N.O. Scitaminaceae.— 
C. U. 1929, 1925, 1924, 

23. In what respects do Liliaceae,Amaryllidaceac and Zingibetaceae 
agree and in what respects do they difier from each other,—G. U. 
1928, 1926. 

24. Describe a member of the Graminaceae.—C. U. 1932, 1920, 
1918, 1917, 1915, 1914, 1913, 1919. 




APPENDIX 


Scientific and vernacular names 

Fj~ English names. H = Hindi names? 

Ablus, Ebony (E), Abnus, (H), Diospyros Ebenum 
Ada, Ginger (Ey. Adrak (H), ' Zingiber officinale 

Akanda, Gig. swallow worf., Ak, Calotropis gigantea 
Akasbbael, Dodder, Akasbael, Cassytba filiinormis 

Akasbmoni, Acacia moniliformis 

Akrote, Walnut (E), Akl.rot (H), fluglans regia 
Alacbi, Cardamon (E), Adionium aromaticum 

Aloo, Potato (E), Alu (H), Solarium tuberosum 
Alubokra, Alubukbara (H), Prunus bokbarensis 

Alokelata, Kasiis (H), Guscuta ro^(exa 

Am, Mango (E), Am (H), Magriifera indica 

Amada, Ainki-adrak (H), Curcuma ainada 

Amloki, Amla (H), Phyllanthus Emblk w, ^ 

Amrah, Hog-pJura,(E) Ainarat(J^), Si^ondias mangifera 
Amrool, Wood sorrel, Platti buti, Oxalis cornitJ^Jata 
Anantainul, 1. sarsaparilla, Salsa, Hemidesmus indicus 
Anaras, Pine apple, Ananasa (H), Ananaaa sativa 
Angur, Grape (E), Angur.(H), Vitis vinifera 

Ankarkanta, Akola (H), , Atangium Lainarckii 

Ansphal, Tiongan(E), Ansphal (H), Nephelium Lor^gana . 
Apang, Cbichira latjira (H), Achyranthes asjiera . 

Aparajita, Amaranth Visuukranti, Clitoria,Ternatea 
Apel, Apple ^E ,,Seb (H), Pyrus malus 

iSSahar, Pigeon pea,.,Arhar (H), Ca>janus indicus 
Asoke, Asliok (H), * Saraca indica 

Aswaganda, Asgand (H), 'Withania somnifera 

AsAvatha, Pi pal (H), Ficus religiosa 

Atai’^Custard apple, Sharifa (H), Anona squamosa 
•Atusbi,. Crotalaria retusa 
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Babla, Ac^ia (!E), Babul (H), Acacia arabica 
Badam, Altnond (E), Badam (H), Prunus amygdahis 
Bael, Woocl apple (E), Bel (H),- Aegle marmelos ' 
Baganbilae, ' Bougainvillea spbctabiliR 

Bagnakha, Tigex -claw, Sber-nui, < Martynia diandra 
Bagbarenda, Physic nut, Safedind, Jatropha curcas, 
Bajbaran, Tidhara-sehund CH), - Euphorbia antiquorurn 
Bakul, Malsari (H), Mirpiisops Elengi 

Bana, Khas-khas (H), Andropogon ^squarrosus 

Ban ada^Tangli-adrak (H) ‘ Zingiber Casumunan 

Bandakopi, Cabbage (E),Gobi (H), Brassica oleracea, capitata 
Ban-narenga, Lak-chana (If), Biophytum sensitivum 
Ban>palang, ^inach, Jal-palam, Rumex maritimus 
Bans, Bamboo (E), Bans (H), > Bambusa talda 

Barbati, Cow-pea (E), Lobia (H), Phaseolus adenanthus 
Baramanda, Banda (H), Loranthus longidonus 

B. pana. Water lettuce, Jalkumbi, FIstia Stratiotes 
Barnn, Garlic-pear, Biliana (H) Crativae religiosa 
Basak, Malabur nut, Arusha (H), Adhatoda vasica 
Basanti, , Lindenbergia urticifolia 

Batapinebu, Shaddak, Chakotra, Citrus decumana 
Beet, Beet (E), Beet Palak (H), Beta vulgaris 
Begoon, Brinjal (E), Baigoon (H), Solanum melongena 
Bela, Ban-muUika (H), Jasminuin Sambac 

Belati-begun, Tbmato, B. Baigan Lycopersicum esculentum 


Benebau, < , ( Orabanche indica 

Ber^, j^riiM^ j(H)i Sida oordifolia 


Betlf^Cane (^l), Bet (H), Calamus tenuis 

^hahg, ,|Iemp (E), Charas (H), Cannabis sativa 
j^^ant or Ghentu, Bhant (H), Clerodendron infortunatum 
r]^a^nc[a, ^jilai-bharenda (H), Jatropha gossypifolia . 

' Bhumiamla, Jar-amla (H), Phyllanthus niruri 

i Bhutnichatnpa, .Bhuichampo (H), Kaempferia rotunda 
Bfatunikumrp, BHai-kandiH), Ipomoea paniculata 
tehuminim, ^(kui-nim (II), Bonnaya brachiata 

iBhutta^ Makai (H) Zea Mays 

Bi<^uti, Nmle (E), Barhanta(H), Tragia involucrata 
' Baft4 * Sesbania grandidora 

Bot^'BaayaS .(E), BarlfH), Ficus benghalensis 
Brahi^sl^4d|^ BaCed chainni (H) Herpestis tnonnieria 
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Chal kunJI'a, Veg. marrow, Kaddu, Benincasa cerifera 
Ohalta, Chilta, Chalta (H), Dillenia indica 

Champa, Champak (H), Michelia champaka 

Champa natia, Lal-sag (H) &, (E), Amarantus gan^eticus 
Chandramallika, Crysanthemi tn, Chrysantheiftium coronaria 
Chhagalba^i, Chs^gool-batee (H), Naravelia zeylanioa 
Chhatim, Satiun (H), Alstonia scholaris 

Chhola, Gram (B), Chaina (H), Cicer arientinum 
Chhotamanda,«Banda (H), Loranthus globosuB 

Chichinga, Sn. Gourd, Chachinda Trichosanthes anguina 
. Chinerbadam, Ground nut (E), Arachis hypogaea 
• Chita (Bang), Bilati-sij (H), Pedilanthus tithymaloides 
Choi, Chava, chab (H), Piper chaba , 

Chorekanta, Love thorn (E), Andropogon aciculatus 

Chukapalang, Ambut chukka (H), Bumex vesicarius 
Chupri alu, Choopri-aloo (H), Dioscorea globosa 

Dalim, Pomegranate, Anaf (H), Punica granatum 

Dashbai chandi, Belamcanda chinensis 

Datashak, Lal-sag (H), Amarantus gangetious 

Debdaru, Cedar (E), Dodar (H), Cedrus deodaar 
Dhan, Bice (E), Chaul (H), Oryza sativa 

Dhania, Coriander(E),Dhania (H), Coriandrum sativum 
Dhanras, Lady’s Finger, Bhindi Hibisoua esculentus 
Dhedhan, Jugar (H), Andropogon sorghum 

Dhopati, Balsam, Gool Mehande^ Impatiens Halsamina 
Dhrone (Bakta), Guma (H), ■ Leonuru^ sibic'is 

Dhundhul, Sqajibrush, Gbiaturai, ^ Luffa aegyptiaca 
Dburba, Bhufb-grass, Doorb, Cynoj^n-dactylon 
Dhutra, ^bom-apple, Dhat'uta, ' Datura fastuosa 
Dulal-champa, Butjberfly lily ' Hedfyi^lum Coronarium 
Dumur, Fig (E), Gular (H), Ficus hispida 
Esabgui, Ispagul (H), Plantago ispaghula 

Eshermul, Eshermul (H), Aristolochia indica 

Gab, Mangostene, Makur-kendi, Diospyros embryopteris 

Gajfar, Horse-radish, Gajar (H), Daucus carota. 

Gaipipul, Pathos, Hati-pipli (H), Scindapsus officinalis 
Ganda, Marigold (E), Genda (H), Tegetes patula 
Gandhali, Gundali-khip (E), Paederia foetida * 
Gandharaj,Gardenia, Dikmah (H), Gardenia Honda 
’Oaum, Gam (H), Wheat (B)', Tritioum vulgare 



Leucas asi)era*^ 

Clerodendron inforlunatuii^ 
Typhoniiui) trilolmtiuii 
Entacla scanden^s * ^ 

Polycari)on loeflin^jiae 
Vitis Pedata 


Bosa scentifolia 
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Ghalghasi, Qhota-pal-kusa (H), 

Gbentu, Bhant (H), 

Ghetkachu, Khain (H), 

Gila, Garbi (H), 

Gima, Sureta (iJ), , 

Goalelata., Godhapadi (H), 

Golap, Bose (El, Gulap (H), 

Golapjarii, Bose-apple, Golap-piin Eu|* 0 nia Jambos 
Golepata,. Thatch palm (E) Nipa fruticans 
Goranehu3ijaura (H), Lenion(J!]), CitJfiis medica 
Gritakumari, Aloe, Ghiu-kujnar, Aloe indiea 
Gulancha, Gurchao (H), ^ , Tinospora cordilolia 

Gulmakmal, Gulmakmal (H), -(ioinijhrena globosa 
Halde-hurhuria, Kanphuti-hiilhul, Cleome viscosa 
Halshi, Aegicerus majus 

lialud, Turmeric (E), iiardi (H), Curcuma longa 
Harjora, Kharbi'(Hh Vitis quadrangularis 

Hatichoke, Artichoke, Atipicb(H), Heliahthus tuberosus 
Hatichur, Hattasura (Hi, Heliotropiurn indicum 

Heshnahena, Jleshnahena ^E), Cestruni nocturnum 
Hidjal, Hidjal (E),^Hidial (HI, Barringtona acutangula 
Hijlibadam, Cashew-nnt, Kaju Anacardium occidentale 
Hincha, Harhucb (Hi, Enliydra lluctuans 

Hing, Hiug (HI, Ferula asaloetida 

Hogla, GondritH), Elephan,t grass Typha elephantina 
Jaba, Ohintrrose (El, Jasoon(H), Hibiscus Bosarsiueusis 
Jau’j, Blackberry (El, Jamur (H), Eugenia Jambolena 
Jararul Star Apple (El, Eugenia malacoensis 

Jangli badam, Jangli badam, (H), Sterculis Fcntida , 

Jangli malar or Mushur chana, Lathyru^ aphaca 
Jkrul, Jprul (HI, Lagerstramiia Flos-regina 

Jayphal, J^utmeg (E), Jaipbal(H), Myristioa fragrans 
‘Jeei'a, Cumin, seed (El, Jeera (Hi Cuminum cyminum 
Jhau, Tan^lsk (El. Jhau (H) Tamarix gallica 
Jhinga," “iarui tHl " Lufig. acutapgula 

Jhumkola^' ^Passion flower (E) Passiflora foetida 
jicfli, (H), Odina Wodier 


Jdb, (E),*Jaw (H). 

m OatjBr. Joi(H),,. 
3ofpaL/ ^majgota (H;, 


Hordeum vulgare 
Avena saliva 
Croton tiglmm 
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Juan, A^)\van (E), Ajowan (H), Caruin copticiiin 
3ui, Joi (Ej, Jasi]iiiie (H), Jasminura apaiculatnse 

^ Kacliugpap-a, Water hyacintli (E), Eichornia spaciosa 
Kadaniba, Kadain (H), • Anthocephalus’ Cadaniba 

Kakrole, Kakrole (H), • MoniordicjPCoobmchinensis 

Kalajira, •Kalajeera (H), ’ • Nigella sativa 

Kalkasiinda, Kasunda (H), • Cassia sopbera 

, Kalikaphul, Pilakaner*(H), Thevetia nerifolia 

Kahili, Midnapur creeper, Ivalainbi Iponioe reptans 
Kalnieg, China box, hoiryal fH), Androgra])his pawculata 
Kainini, Marcluila (H), * Murraya exotica 

Kanilan^Jiii, Orange, Narangi • « Citrus aurantium 

Kaniranga, Chi. gooseberry Kamrak Averrhoa caramlxila 
•Kanchan, Kachnar (H), • Bauhima acuminata 

Karyijhira . Commelina benglialen'sis 

Kandapiispa, GlobHa {lulbifera 

Evantagurkainai, Karil (If), Caiiparis sepiaria 

Kaiital, Jack (E), Kantar (H), Artocarpus integrifolia 
Kantaliclianipa, Kanthalichainp Artabotrys odoratissinia 

Kanta uati, Thorny amaranth (ki), Amarantus.Kpinosu8 
Kantikari, Kateli (H), Solapiun xanthQcarpurn 

Kapas, Cotton (E), Hooi (H), Gossypiuni lierbaceuin 

Karabi, Oleander (El, Kaner (H), Nerium orlorum 
Karala, Balsam-apple, Karela (H), Moinordica charantia 
Kararncha, B. currant, Karandj^ Carissa carundas 
Katcharnpa, Gulachin (H), * Pluinerja aciAifolia 

Kathhael, Fllephant apple (E), Foronia Elephantiim 

Kea, Screwpine (El, Kebra (H), Pandanus fascicularis 
Keshardam, Jussiaea repens 

Keshurta, Mochkand (HI, • Eclipta alba 

Khair, Catechu (El, Katha (H), Acacia Catechu* 

Khejoor, Datepahn (E), Khejoor, Phoenix sylvestris 

Klieshur, Kysoor (H), Scirpus grossus 

Khetpapra, Dhainanpapar (Hj, Oldenlandia coryinbosa 

Khudipana, Huekwe^ (El, . Lelnna polyrrhiza 

Koohoo, Kachu (E), Kachalu (H), Colocasia aniiquorum ■ 
Kola, Banana (El, Kela (H), Muga paradisiaca 

Kooch, Crab’s eye (El, Rati (H), Abrus precatorius 

Kool, Roundpiuin (E), Bair (H), Zizypbiis jujuba 
Krishnachura (El, Caesalpinia pulcherrima 



VI 


Krishnakali, 4 O’ clock plant (E), 

Gul-abbas (H), 
Kukshima, ifunchli (H), 
Kulekhara. Gokshura (H), 
Kumarika, Chob-chini (H), r 
Kumud or shalook, 

Kunda, Maniflower (pj),Chameli 
Kurchi, Karchi (H), 

Kush, Dubh fH). 
Kushumphul, Safflower, Kuaam,’ 
Labanga, Cloves (E), Lioang (H), 
Lajjabati, S. plant, Liijvan^i (H-), 
Lalbhareoda, Jangli erandi, (H^ 
Lalpata, Chrismas plant (E), 
Lanka, Chili (E), Lalinarich (H), 
L^, Gourd (E), Kaddu (H), 
Lichoo, Lichi (Ej, Lichoo (H), 
Loquat, Loquat (E), Loquet (H), 
Madar, Coral (E), Madar (H), 
Madhobilata, Hati mukta (Ifh 
Madhurkati, Mat straw (E), 
Makhal, Lai indrayan (H), 
Malali, Malati (HI, 

Mallika, Chamli (H), 

Manjista, Manj^lt (H), 
Mankochoo/Mankanda (H), ^ 
Mansliasij, Cactus (E), Sij (H), 
Mashkalai, Mash (H), 

Mashina, Flax (E), Tislii (H), 
Mashur, Lentil (E), Mushuri (H) 
Mashur cbtuia, Kheshari (H), 
Matar, Pea (Eh Mataa: 

Mauri, Ani^ (E), Bunp (Hi, 
Meha;^, Hekma (EX Mehadi^(H), 
Mehagoffy.jMehkgony (E), 

Mitha kuwa, Gourd, Kuinra(H), 
Mdbeh Bira^,Kanlk>charnpa (E). 

gram, Mong (H), 
Hoqtha, '‘^$x>tka (H), 


Mirabilis jalapa 
Vernonia cinerea* 
Hygrophila spindsa' 

Smilax maorophylla 

Jasminum pubescence 
HolaYrhena antidysenterica 
Eragrostis cynosuroidea 
CartTianius tinctqrius 
Eugenia caryopliyllata 
Mimosa pudica 
tTatropha gossypit()lia 
Euphorbia pulcherriina 
Capsicum frutescens 
Lagenaria vulgaris 
Nephelium Litclii 
Eriobotrys japonica 
Artocari>us Lakoocha 
Hii)tage Madablota 
Cyperus tegetuni 
Trichosanthes palmafca 
Aganosina caryophyllata 
.Jasminum sambac 
Rubia Cordj folia 
Alocasia indica 
Euphorbia nerifolia 
Phaseolus radiatus 
Linum usitatissimum 
Lens esculenta 
Lathyrus aphaca 
Pisuin sativum 
Foeniculum vulgare. 
Jjowsonia alba 
Swietenia Mahagoni 
Hibiscus cannabinus 
Cucurbita maxima 
Pterospermum acerifolium 
Phaseolus aurea 
Cyperus rotundus 



Vll 


•Morog^hul, Cock’s comb, Murga 
Moyna kauta, Pindu (H), 
Muktojhuri, Khokali (E), 
Mula.*R^i8h(E), Muli (H), 
Nagpliani, Nag-phana (H), ^ 
Narikel, ^oco^nut, N^iel (H)^ 
Nashpati, Pear, Nashpati (H), 
Nata, Katkaranja (Hi, * 
Navantara. C^itt-feringa' (H), 
Naul, Sar (H), • 

Nebu, Leman (E), Nemu (H), 
Nebughash, L. grass, Aghiaghas,| 
Nil, Indigo (E), Nil (H),* 

Nil lata, • 

Nim, Margosa (E), Nini (H), 
Nishinda, Neergandi (H), 

Nole, Ghalmeli (H), • 

Nooney shak, Loniya (H), 

Nona, Crab apple (E), Ramphal 
01, Teliga potato, Jamin-kand,. 
01-kapi, Kohl rabi (E), 

Padma, Lotus (E), 

Palas, Bastard teak(E),Dak (H), 
Paltemadar, Pangra (H), 

Pan, Betel (E), Pan (H), , 

Paniphal, W. chestnut, Singhara, 
Paninaricb, 

Panthopadop, Traveller’s tree 
Parul, Paru-r-(H), 

Pat, Jut (E), San (H), 

Patal, Parbol (E), (H) 
Patashaola, Siwar (H), ' 
Patharkuchi, Kop-pata (H), 
Pati, Mat (E), Chetar (H), 
Peacli, Pesich (E), Aru (H), 
Peepul, Pipal (H), 

Penpya, Papita (H), 

Pctari, Jhampi (H), 

Peyara, Guava (E), Amrud (H), 
Phalsa, Falsha (H)., 


Celosia argentea 
Vangueria smonsa 
Acalyi>ha mdica 
Raphanus sativnis 
Opuntia DMlenii 
Cocos nucifera 
,Pyrus communis 
Caesalpinia BondUcella 
Vinca' rosea 

Saccharuin arund^iaceum 
Citrus acida 

I Andropogon shoenantlius 
Indigotera siimatrana 
Thunbergia grandiflora ' 
Melia Azadirachta 
Vitex Negundo 
Phyllantlius distichus 
Portulaca qiiadrifida 
Anona reticulata 
Amorphoph^alus campanulata 
Bras^ica oleracea 
Nelumbiuin speciosa 
Butea frondosa 
Erythrina indica 
Piper Bette 
Trai)a biapualcia 
Polygonum orieniale 
Ravenala madagascarina^ - 
Sterebsi^eriiiutn suaveolens 
Corchorus capsularis 
Trichasanthes dioica 
Yallisneria spiralis 
Bryophyllum. calycindni * 
Clinogyne dichotbma 
PrftnuB {tersica 
Pious religioSa 
Carica Papaya 
Abutilon indicum 
Psidium gdyava 
Grewia a^atica . , 



Vlll 


' I 

Phanimansha, Nag-phana (H), 
Phulkopi, Cauliflower, Phulgabi 
Phuti, Phut (rtl),,Melon (E), 
Pianj, Onion (E), Pianj (H), 
Pipul, Pipli (HJjLong pepper (E) 
Pituli, Pindara (H), 

Piidina, Mint (E), Pudina (H), 
Puin, Poi‘(H),Basil (E), 
Punarnaba, Gadha-pnrna (H), 
Radliachjjra, Gold inohar, (E) 
Radhuni, Chandani (H), 
Hajanigandha, Tiger rose, ( 
Ranga alu, S. ix)tato, Mitha alii, 
Rangan, Raktaka (H), 

Rashna, Rashna (H), 

Rashun, Garlic (E), Rashun (H), 
Rerhi, Castor (E),'Arand (H). 
Ritha, Soap nut (R), Ritha (H), 
Riidrakslia, Biidraksa (E), 

Sajina, Horse r^idish, Sajina. jH) 
Sal, Sal .(H) ^ 

Santi, Sunt, Indian airowroot, 
Sarbojoya, Indian shot (E), 
Samudrashok, Chhota bistarak 
Sarisha, Mustard (E), Kama (,H), 
Satainuli, Shrliakul (H), 

Sada hurhurhe, Charota (H), 
Shalgoin, Turnip (E)l, Salgom (H), 
Shalook, Waterlily(B), Kamal 
Shankaloo^ Sankerkand (H), 
Shasha, Cucuniber^ Khira (H), 
Sheuli, Night-jasmine, Harsingar, 
Sheal kanta.j '^fellow-thistle (E), 
Sheakul,. > 

Shibjhul, Napbat fH), * 

Shegooca, (E), Shegun (H), 
Shij,. Shijs(H), ' * 

Shim, BeaalE), Shim (H), 
Shii^l, Sjlle Cotton, Shalmali(H), 
Bhola, Sola |E), Rag (H), 


Opuntia Dillenii 
Brassica oleracea, 

Cucuinis irielo 
Alliutn C 0 i)a 
Piper longuin 
Trewia nudijlora ,, 

Mentha arvensis 
Ba-seflft rubra 
Boerhaavia repens 
Voincfaiia regia 
Carum Roxburghiana 
Polyanthes tuberosa 
Iporiioea Batatas 
Ixora cocci nea 
Vanda Roxburghii 
Alliuiri sativum 
Ricinus communis 
Sajundus trifoliatus 
Elaeocarpus Ganitrus 
Moringa pterygosperma 
Sborea robusta 
Curcuma zeodoria 
Ganna indica 
Argyreia speciosa 
Brassica Najuis 
Asparagus raceniosiis 
Gynandropsis pentaphylla 
Brassica cainpestris 
Nymphaea lotus-stellata 
Pacyrhizus angulatus 
Cucuinis sativus 
Nyctanthes Arbiutristis 
Argemonie ruexieana 
Zizyphus oenoplia 
.Cardiospermuin Halicacaba 
Teetona grandis 
Eu])horbia Nivulia 
Dulichos Lablab 
, Boinhax malabaric.um 
Aeschynoinene aspera 





^Shishu, tiliisaui', (H), 
Shoregonja, Rarn-til, (H), 
Shukh^darsan, Chindar (H), * 
Shulpa, Ban-shulpa (11), 
Shushnisliak, 

Sliingara, » W. cjiestnut, Sinrgara, 
Shiris, Rain tree (E), Shiris (H), 
Sthalpadriia, GliarigeaNe rose (E 
SurnJri, • 

Siipari, Betel nut (E),^hupan, 
Surjarnukhi, Sun flower (E), 
Swarnalafca, Dodder (E), 

Hwet Chandan, Sancial wood, . 
•Tagar, Taggar (fl), 

Tal^ Fan-paliii (E), Tar (H), 
Tauiak, Tobacco, Taiuaku (Hjt, 
Tapari, Cape gooseberry, Tepari, 
Tarniuz, Melon (E), Tarbuz (II), 
Tarulata, Kani-Jata, (II), 

Tejpat, Cassia-leaf, Tejpotra (H), 
Telakuclui, Bhiinb (H), 

Tentul, Tamarind, Imli (M), 
Teshiramansha, Tindharasij (H), 
Thankuni, White i-ofc, Mudaki 
Tishi, Ijinseed, Alsi (H), , 

Toi)emari, Sabzah (11), 

Topapana (see Barapana) 

Tulshi, Holy Basil, Tulsbi, 

Tunt, Mulberj'y, Tutri (A), 

Uchhe, Karcfla (H), 

Uk, Sugar cai^ (E), Ganna (H), 
Ulat kambal, Olat kambol (H), 
Ulat cliandal, Languli (H), 
Ulughas, Dubh (H), 

Ush-shaora, Ban-nimbu, (H,), 


Dalbergia Sislioo 
Giiizotia abygsinica 
Criniiin latilqlium 
Pencedanum graveolens 
Marsilia • 

Trapa bispinosa 
.Albizzia Lebbek 
), Hibiscus uiutabills 
Heritiera minor a 
Areea catechu 
■ Holianthus animus 
fCuscuta reflexa 
SantaluiTi album 
Tabernaernontana coronaria. 
'Borassus flabelliler 
Nicotiana Tahacuin 
Physalis ]»eruviana 
Citrullus vulgans 
Quamoclit piiinata 
Cinainoinun\ Tamahi 
Cephin^andra^ indica 
Tamarmdus inriica 
Euphorbia antiquorum 
Hydrocotyle asiatica 
Linuni usit&tissimun) 

Salvia ae^yptic#,, varpurnila 
Pistia stratiotes 
Ocirnum* sanctum 
Morus indica 
Moinordica charantia 
Saccharurii oflici&arum 
Abroma augusta * 

Gloriosa superba 
Imperata arundinacea 
Glydosmis* iientaphylla. 
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90 
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Gaum 15, 81, 501 

Gemmae - 45^ 

Gemmation 372 

Genetic spiral 98 

Genus 229 

Geottopism 340 

Germination 

Changes 18 

Condition 17 


Gonidiophore 

874 

Gora uebu 

454 

(rrafting 

846 

Griiminaceae 

501 

Grape sugar 

196 

Gritakumari 

88, 490 

Ground tissue 

241 

Growth 

832 

Guard cell 

227 

Gulancha 

87, 58 

(JuJmakmal 

485 

XTyiiandious 

181 

Gynecium 

116 

(ivnobasic 

187 

Gynophore 

121 

Gynostemium 

181 

Hairs 

227 

Halde Imrhurhe 

105, 445 

Hjilf-equiiant 

91 

Halsi 

107 

Halud 

52, 97. 495 

Hard bast' 

282, 240 

Harjora 

50, 63, 98, 452 

Hastate 

80 

Hatichoke 

53, 470 

Hatishuiir 

' 49. 481 

Haustqrja 

/ . 8. 34 

Heart wood 

268 

Helicoid 

47 

Heliotropic 

387 

Heliotropism 

;.r 339 



VI 


Help cellb 

Herbs 

Herkogamy 

Hermaphrodite 

Hesnahena 

Hesporidium 

Heterbchlam y d cou s 

Heterocysts 

Heteroaporous 

Heterostyly 

Hidjal 

Hijli badaiu 

Hilum 

Hinchc 

Hing 

Hog^ 

Homochlamydcou b 

Homogamy 

Homology 

Homosporous 

Hormogoniii 

Hydathode 

Hydrogen 

Hydrophilous 

Hydrotropism 

Hydrophyte 

Hygroscopic water 

Hypanthodium 

Hyphae 

Hypocotyl 

Hypocraterifors.^ 

Hypodermis 

Hypogeal 

Hypogynoas 

Hyponasty 

Hymenium 

Idioblasts < 

Imbricate 

Ifinp^pinnate 

iBO^^xte ' > 

Inflorescpnoo 

iDfundibullfoinn. 

Inoowletae * ' 

Ineectiyovotii 

Iniotce|l»lftr|apabc 

XniHsie { 
Ixttrorse * , 3 
IntnsBUSO^Uon 


Pa-gc 


l‘n4jc' 

412 

Iiiuliu 

197 

11 

Involucre 

. ' 113 

150 

•Involute 

90 

119 

Irregular 

110 

44 

Irritability 

330 

lf)4 

Isogamy 

3(iS 

111; 

Isumerous 

120 

358 

Isostameiioiis 

130 

340 

JabH 4. 68, 76j 

78. 94, 97. 446 

160 

<Jam 

38, 464 

464 

Hamrool 

124, 464 

155, 453 

Jaugli-badam 

449 

15, 1951. 

> Jangii inatar 

Hi) 

470 

JalTool 

151 

464 

Jayphal 

171 

117 

^eera 

464 

118 

Jhangi 

7 

151 

.Thau 

417 

97 

Jhi^ga 

466 

346 

Jhumkolata 

57, <>3, 97. 469 

358 

jeoli 

94, 453 

223, 228 

Job 

501 

278 

Joi 

501 

147 

Joypal 

487 

« 341 

Juan 

464 

348 

Jui 

103, 151, 481 

280 

Kachuripatia 

60, 72, 88 

108 

Kadamba 

69, 102, 469 

367 

Kakrole 

466 

1C 

Kalajeera 

439 

127 

Kalkasuiida 

66, 83, 84, 458 

239 

Kalkephul 

473 

19 

Kalmi 

60, 80, 478 

122 

Kalmeg 

96, 105. 479 

336 

Kamtni 

84, 454 

379 

'Kamla nebu 

72, 454 

222 

Kamranga 

44 

90, 129 

Kanchan 

76, 79, 89, 468 

84 

Kandapushpa 

44 

49 

Kantagurkamai 

70, 445 

101 

Kantal 19, 44 

, 60, 70, 72, 79 

-127 

Kantalicbampa 

57, 438 

434 

Kantanatia 

485 

9 

Kantikari 

78,496 

• 201 

Kapas 

. 82, 446 

258 

Karahi • 

90, 92, 96^ 473 

134 

Karamcha 

78, 473 

132 

Kareia 

466 

201 

Kariokinesia 

207 
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f 

Page 



Page 

Katchampa ^ 

4«. 473 

Lichoo 

f 

104. 453 

l^athbaiU 

434 

Light 


312 

Kea 

M 

Lignin 

1 * 

203 

Keel 

127, 437 

Ligulate 


73, 128 

Kernel 

14 

Liliaceac 


490 

Keshardam *■ 

' 33, 38 

Linear 


78 

Kesur 

500 

Linin threads 


185 

Keshurta 

•^70- 

l.iinnean system 

428 

Khair 

461 

Loculicidal 


J58 

Khejur 

' # 77 

Lomentum 


139 

Khetpapra 

09, 105. 469 

Loquet 


• 402 

Khndipana 

7 

Lycopodium 


405 

Kochoo 72, 

79, 90, 102, 498 

Lysate 


82 

Kola 

493, 12, 52, 76* 

Lysigenous 


205 

^ Kooch 

456 

Madar 


458 

Kool 

451 

Madhobilata 


58 

Krishjiacliura 

458, 8.3. 84, 104 

Madhurkati 


500 

Krifihiiakali 

49. 68, 97, 484 

Magnoliaceae 


437 

Kukshima 

47J 

Makal 


175 

Kulekhara 

479 

Malati 


58, 473 

Kumarika 68, 70, 70, 87. 4fK) 

Mallika . 


151, 481 

Kumud 

72 

Manjista 


400 

Kunda 

481 

Mankochoo 


53,498 

Kurchi 

473 

'Mansha sij 

§ 

87, 487 

Kusumphul 

170 

lilanubriuin 


399 

l^abanga 

120, 464 

Marcescent 


125 

l-<abiatae 

482 

Marchantia 


388 

I^aennae 

349 

^farginal 


138 

Lajjabati 

87, 107, 461 

Mashkalai 

0 

456 

Lai bharenda 

70. 487 

Mashina 

0 

120 

Lalpata 

110, 487 

'Mashur ^ 

0 

456 

Lamina • 

67 

Mashurchana 


67, 97 

Lanceolate 

78 

Matar 

10, 69. 

104, 456 

Ijtinka 

49, 476. 

Mauri 

08, 84, 

107, 464 

iLateral 

46 

Medullary rays 


240 

Ijatex 

221 

Meha^' 


44, 45 

LaticiferouK tissue 221 

Mehagony 

A 

17X 

Jjau 

466 

Mciosis 

m 

207 

Leaf-base 

67 

Members 


J1 

Leaf-blade 


Moricarp 



Leaf-moHaic 

96 

Meristem 


21a 

Leaf-stalk 

* 67 . 

Mesociiltp * 


156 

Leaf-tendrils 

57 

Mesophyll 


251 

Legume 

139 

Mesophyte 


36 

Leguminosae 

456 

Mestapat 


■ 446 

Lenticel 

206 

Metabolism 

. 

320 

Leuooplast 

187 

Metaphloeim 


232 

Lianos 

58 

Meta-xylem 


231 



!Rficropylo 

Pagv 
15. 170 

Middle liunellu 

-203 

IMidrib 

75 

Mimosiie 

461 

Minerals 

281 

Mitha kumra 

15. 57. 466 

MitosiK 

‘207- 

Monadelphous 

180 

IMonocarpellary 

135 

Monochasium ^ 

lOH 

Mouochlr ■'ydoous 

118 

Monocliiious 

110 

Monoecious 

119, 

Mooch kuiida 

449 

Moog 

466 

Mootha 

94, 500 

Morogphul 

95. 485 

Moynakauta 

03. 98. 4C9 
3 

Mould 

Mucilage 

203 

Mucor 

373 

Mucroiiatu 

77 

110, 487 

Muktajhuri 

Mula 

82. 82, 442 

Multicollulsm- 

' 181 

Multiparous 

9, 109 

Multiple 

168 

MuHaceat; 

93 

Mycelium 

357 

Myoorhissa 

314. 371 

Myrtaceae 

464 

Myxomycotes 

371 

Nagphani 

120, 152 

Narikel jjO, 

62, 88. 499 

Nashpati 

168, 462 

Nata 

458 

Natural sysUm 

428 

Nayi^fitara 

77, 478 

Naui' 

501 

N^bu 454. 38. 63, 

70, 86, 102 

Nehu gbaah 

,501 

316 

N^ntbea , 

Neuter " 

119 

Nil ' i , 

Nil lata’’ . 

456 

♦ ^ 479 

Niui' ‘•I 

85, 174 

Niahinda . 

'479 

Nitrlhcation) 

327 



Pftife f 

Nitrogen 

. 278 

Nitrogen assiiuilatioi^ 

< 813 

Xole 

487, 83 

Nomenclature 

Nona 

434 

438 

Noonev shak ' 

158 

Nostoc 

358 

Nucleon 

186 

Nucleus 

185 

Nut ! 

1G2 

Nutation 

83(i 

Nyctaginaceae 

484 

• Nyctinastic 

339 

Njlnphaeacoae 

440 

Obciordato 

79 

Oblong 

78 

Obovate 

.79 

Obtuse 

7(i 

Oct<9sticht>u.s 

93 

Offset 

GO 

01 

498, 53 

01 kopi 

442 

Operculum 

385 

Opposite 

9.3 

Oogamy - 

308 

Oogonia 

368, 377 

(Jospore 

33(; 

Orbicular 

80 

Ordor 

329 

Organ 

U 

Ornithophilous 

147 

Orthostichies 

93 

Orthotropous 

149 

Oscillariu 

359 

Osmosis 

282 

Osmotic pressure 

288 

Ostiole 

391 

Ovary 

116 

Ovate 

78 

Ovule 

116, 144) 

Ovum 

868 

Oxygen • 

278 

Padma 72, 75. 76, 

80,90452 

Palas 

456 

Paleac 

114 

Palisade • 

251 

Palmate 

81 

Palmatifid 

81 



IX 


Palmati partite 

Page 

HI 

Per.^onufe ^ 

Pfuje 

• 128 


Ml 

Petal ^ , 

116 

Palmella 

. 360 \ 
45(»'y 

34, .56, 79, 106. 

Petari 

446 

Paltemadar 

E^etiolate • 

72 

Pan 

Petiole 

67 

Panicle 

104 

Pe3'ara 

89. 464 

Paniphal 

35, 80 

Phaeophyceaf 

358 

Panmarich 

TTl, 486 

Phalsa 

• 152, 450 

T'anthopadop 

495 

Phanimaiisha 

C4, 87, 97 

Papilionaceae 

• 456* 

PheHodenn 

264 

Papilionaceous 

127 

Phellogeii 

» 263 

Paraphysos 

379, 883 • 

Phloem 

228 

Parasites 

8 • 

Photo synthesis 

805 

]^arastichous 

95 

Phototoniis 

337 

Paratonic 

337 • 

Phulkapi 

82 

Parenchyma 

216* 

Phuti 

4IHi. 157 

Pauetal 

139 

Phycomycotos 

372 

J^aripiiinato 

80 

Phyllocladc 

64 

Parthenogenesi 

.363 

Phyllode • 

78 

Parul 

172 

Phyllotaxis 

91 

Passifloracesie 

469 

Phytopthora 

376 

Pat 

450 

Pianj 55,88.97 

,102,107, 490 

Fatal 

119, 466 

Piliferous la^ or 

247 

Pata shaohi 

7, 88 

Pine • 

241 

Patharkuchi 

31. 44, 78, 88 

Pinnate* 

80 

Pati 

495 

Pinnatifid 

80 

Peach 

462 

Pinuatipartite 

81 

Pedicel 

101 

Piiiuatisoct 

81 

Peduncle 

101 

Pitcher plant. 

810 

Peepul 

8 

Pith ^ 

240 

Peltate 

72 ‘ 

Pitted ves'ycl * 

202. 218 

Poiipya - 75. 81,95, 9G, 4(i9 

Placenta 

i58 

Pentamerous 

120 

Placentatjon 

13H 

Pentastichous 

93, 94 • 

J'lanogametcs 

36o 

Pepo 

103 

Plastids 

189 

Perennials 

12* 

Pleromc 

246 

Perianth 

118 

Plicate ’ 

j 89 

Peiiblem 

286 

Plumule 

15 

Pericarp 

155 

Pue'umatophores 


Perichaetiuiii 

391 

Pollen chamber 

. 42i* 

Pericycle 

240 

Pollen grain 

118 

Periderm 

* 265 

Polli^n sac ^ 

119 

Perigynium 

391 

Pollen tube 

i;)5 

Perigynoiis 

122 

Pollination 

' 144 

Periplasm 

377 

Pollinium 

134. 475 

Perisperm 

170 

Pollinodium 

377 

Peristome 

3a5 

Pollulatiou 

372 

Poronospora 

876 . 

Polyadelphous 

180 



Polyarch i. 

Page 
‘ ‘i39 

Polycarpellary , 

135 

PolyohaHium 

* 199 

Pdiygamous 

, 119 

Polygonaceae 

4HG 

Poly^ihyllous 

JIB 

Porno . 

368 . 

Posteriof 

liil 

Prefaliatit)!! 

89 

Prickles 

•227 

Primordial, ’’tricle 

181 

Procambium 

215 

Promycelium 

375 

Prosenchyma 

217 

Protandrous 

149 

Proteidgrain 

194 

Prothallua 

393 

Protogynous 

149 

Protonema 

392, 386 

Protophloem 

231,236 

I*rotop]asm 

179 

Proto-xylem 

•231. 236 

Pteridophytes 

352 

Ptyxis 

89 

Pudina 

48’, 60 
239,289 

Puin 

Pulvinua 

484,118 

Punarnaba 

484 

Putrefaction 

327 

Pyreuoida 

362 

lucerne ' 

104 

Racemose 

4ft, 102, 104 

Rachis 

102 

Radhachura 

458 

Radhuni 


Radial 

280 

Radicle , 

16 

Rajanigandha' 

55, 492 

Raipenta 

393 

Rangan 

. 71, 77, 469 

Rauuucal^ceae 

439 

Raphe 

^ 141 

Raphides ^ ' 

195 

Baehna | 

8,496 

Rashtsm. ^: , 1 

j% s 55 

ReoeptQyoW ' j 

116 

Keeiihate . 1 

89 , 

JRegma " 

163 


^ Page 


Regular 

, 119 

Rej u venescence 

, r 212 

Ryrniform 

80 

R^plum 

160 

ffieproductiuii 

344 

Rerhi 15,19, 

75, 81, 487 

Reserve grain 

192 

Resiadupt 

254 

Respiration 

320 

« / Aer9bic 

325 

Anaerobic 

326 

Intra molecular 

326 

(Quotient 

:m 

Respiratory cavity 

262 

Reticulate 

213 

Retuse 

77 

Revolute 

90 

Rhamnaceae 

451 

Rbi^oed 

382 

Rhizophore 

52 

Rhodophyceac 

35ft 

Ritha 


Root 


Absorption 

2H6 

Adventitious 

30 

Aerial 

7, 34 

Aquatic 

35 

Breathing 

37 

Cap 

30, 237 

Characteristic 

29 

Climbing 

34 

Conical 

, 31 

False 

30 

Fibrous 

31 

Fleshy 

31 

Floating 

36 

Pusifonn 

32 

Green 

37 

Hair 

19, 281 

Kinds 

30 

Kapiform 

32 

Pressure > 

290 

Prop 

36 

Respiratory 

37 

„ Secondary 

80 

Sheath* 

24 

Stilt 

36 

Tertiary 

30 
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Thoni> • 

Paye 

86 

Shankalu 

Pcuyv 

> 82, 456 

Tru«» • 

30 

Shasha 

57, 46(5 

Tuberous 

. 32 1 

, Sheuli 

. 176, 481 

Rosaceae 

462 " 

1 Shealk'vntii 

78, 87, 441 

Rosaceous 

126 ' 

• Sheakul 

68, 451 

Rotate *■ 

• 127* 

• Shibjhul 

57, 453 

Rotation of crops 

188. 280 

Shield 

369 

Rubiaceae 

•• 400 

Shegooii 

479 

Rudraksha ^ 

450 

Shij 

64, 487 

Runner 

• 59 # 

* Shim 

15, 68, 456 

Rutaceae 

454 

Shimul 

^6, 446 

Sada hurhurhe * 

121. 445 

• Shola 

456 

Sagittate 

79 

• Shoot 

11 

^ajitia 

171, 17*2 

^ishu 

44, 45G 

Sal 

94, 162, 172 . 

* Shoregonja 

470 

Samara 

162 

Shukhadarsan 

492, 107 

Saniudrashok 

58 

Shulpa 

^ 464 

Santi 

58, 52, 495 

Shusnishak 

80- 

Sapindiuseae 

t58 

Shingara 

72 

Saprophyte 

9 

Shiris 

49, 461 

Sapwood 

268 

Shrub . 

11 

Sarbajoya 

90. 495 

Sieve-plate 

220 

Sarisha 10, 

102, 104, 448 

;Sieve-tube 

219 

Satamuli 

82, 490 

Siliqua 

160 

Scalariform 

■202, 218 

Simple buf 

82 

Schizocarp 

162 

Sinistrorse 

68 

SchizogenouK 

2a5 

Sinous anther 

131 

Schizomycetes 

371 

Soil 

279 

Scitaminacoae 

498 

Solanaceae 

476 

Sclereuchyma 

218, 233 

• Sorosis 

165 

Sclerotic cells 

218 

* Spadix . 

106 

Soorpioid* 

Scrambler 

47, 49 

Spathe 

106, iti 

57 

Species 

429 

' Scrophulariaceae 

480 

• Spermatozoid 

384 

Scutollum 

24 

Sphaeraphides 

imi 

Secretion 

328 • 

Spi&ei> 

106 

Selagiuella 

245 

Spinoui? 

77, 78 

Self •pollinati on 

144 

Spiral vessel 

202, 218 

Seif-sterility 

. 149 

Spirogyra 

361* 

Semi-amplexicaul 

6^ 

. Spongy 

261 

Sepals 

115 

Sporangium 

346 

Septicidal 

• 157 

Spor&goniuA. 

384 

Sepiifragal 

158 

Sporophyll 

118 

Serrate 

78 

Sporophyte 

"380 

Sessile 

71, 102 

> Stalk cell 

420 

Seta 

384 

Stamen 

116 . 

Shalgaim 

32, 442 

Staminode 

181 

Shaluk 121, 

172, 350, 440 

• Standard 

127 
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Starch 

190 

Stelo 

243 

Stem 

40, 64 

Stem-tendril 

63 

Sterigmata 

379 

Sthalpadma 

446 

Stigma 

116. 1.37. 

Stipel 

83 

Stipulate 

68 

Stipule 

Convob''*,e 

70 

Foliaceous 

69 

Free lateral 

08 

Inter-petioUir 

69 

Ochreato 

70 

Spiny 

70 

Tendrillar 

70 

Stolon 

59 

Stomata 

227 

Style 

116, 137 

Sub-class 

432 

Suberiu 

204 

Subsidiary cell 

227 

Sucker 

60 

Sugar 

196 

Sundew 

315 

Sundri 

449 

Supari 

68. 499 

Superposed 

96 

Surjamukhi 

102, 470 

Suture 

137 

Sw&rnalata 

' 8, 58 

Swet f.haiidan 

9 


SyconuK 

Symbiosis 

Sympodial 


Syncarpous . , 
Synergidae 
Syngenesious 
^agar ' * 

Tal ‘ ' 02 

Tamak 

Tapari i . * 

Tarmciz \ 


Tegmeti * f 


Tejpat j> { 
Telakacna i' 


165 

su. 371 

47 oO 
' 135 
412 
130 
78, 473 
, 76, 89. 499 
•*76 
47G 
466 

^ 81, 478 

14 
76 
466 


■ Page 

Tendrillar ^ 77 

Tentacles 228- 

Tentul 16, 78, 84, 103, 4.58 

86 
98 
14 
130 


'>rernatG 

'^eshiramansha 
Testa * 

Tetradynamous 
Tetramerous 
Thalamus 
Thalamfloreae 
Thallophyte 
Thankuni 
Thermotropic 
Therus 

" Tiliaceac 
Tlshi 
Tissue 

Tissue ftysiem 

Toad stool 

Topapana 

Topemari 

Torus 

Torula 

Tracheae 

Trachieds 

Traction fibres 

Transfusion 

Transpiration 

Trama 

Trees 

Trifoliate 

Trimorous 

Tripin nate 

Tristichous 

Truncate 

Tuber 

Tulshi 

Tunt 

Turgescence 

Twiners. 

TV^isted 

Tylosis * 

Uchhe 

Uk 

Ulat chandal 
Ulat kambal 
Ulothrix 
Umbel 


120 
115 
433 
356. 
80, 464 
342 
62 
450 

n, 119, 204 
214 
225 
3 

60 

204, 482 
203 
376 
219 
218 
208 
255 
291 
379- 
11 
86 
120 
84 
93, 94 
77 
53 

49, 68, 92, 482 
97 
288 
58 

91, 128 
* 267 

157, 171 
50, 173 
57 , 87, 97, 490 
449 
364 
106 
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Umbellifefae 

Page 

464 

Verbenaceae 

Page 

479 

UnioellBlar» 

181 

Vernation , 

89 

Uftfoliate 

- 861 

L Versatile 

132 

Uni parous 

49, 108 ^ 

L Vorticillaster 

109 

Unisexual •. 

119 

Vessels 

218 

UrticaceiM 

486 

• Vexillary 

129 

Ush-shaora 

454 

Vexillum 

127 

Utricularia 

' 315 

Vitaceae 

< 452 

Vacuole • 

180, 188 

Volatile 

197 

Vallecular cavity 

• 247* 

* Water culture 

274 

Valvate 

90, 128 

Water stomata 

1 302 

Variety 

429 

Wavy 

78 

VasculaT tissue 

• 218 

• JiVhorled 

92 

Vaucheria 

366 

Wings 

127 

Velamen 

7. 

Wood 

228 

Venation 


Wood fibres 

231 

•Convergent 

. 76 

Wood vessels 

219 

* Divergent 

76 

Xerophyte 

23t 

Multicostate 

• 75 

Xylem • 

231 

Palmate 

75 

Yeast 

231 

Parallel 

74 

Zingiberaceac 

495 

Pinnate 

75 

Zygomorphic 

120 

Beticulato 

74 

? Zygospore 

346 

Uuicostate 

75 

Zygote 

346 

Venter 

384 











